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The experiments described in this paper are part of a 
more comprehensive study of the greenhead fly problem 
on Long Island, New York. The present paper gives the 
results of insecticide tests against the larvae. A companion 
paper by Wall & Jamnback (1957) describes the sampling 
methods that were used. 

SmaLL ScaLte Texts.—In 1955, 24 small plots, each 
comprising 3600 square feet (60 feet on a side) and located 
in salt marshes having high and uniform larval Tabanus 
populations, were treated experimentally with larvicides. 
All test materials were in granulated form (Attaclay or 
Diluex), because granules readily penetrate the dense salt 
marsh vegetation and reach the sod below. In these 
tests, the granules were applied by hand sowing. Formula- 
tions? containing 23 or 5% of toxicant were used where 
possible. At the lower dosages it proved difficult to obtain 
an even distribution with these concentrations, since only 
afew handfuls of granules comprised the total dosage. In 
these cases, untreated granules were mixed with the 
formulation so that at least 1 quart of granules was used 
to treat each plot. 

In evaluating the effectiveness of the treatments, both 
Tabanus nigrovittatus Macq. and the striped horse 
fly T. lineola F. were included in square-yard counts taken 
inside and outside of the treated area. The counts were 
made using the New Jersey larvicide method (Wall & 
Jamnback 1957) in which pyrethrum was sprayed on 
cleared plots of salt marsh. The pyrethrum apparently 
acts as an irritant causing the Tabanus larvae to come to 
the surface where they may readily be counted and 
collected. Larval populations of Chrysops fuliginosa Wied. 
and Chrysops atlantica Pech., which also breed commonly 
in salt marshes, cannot be adequately sampled using this 
technique and were not included in the counts. 

The insecticides tested in 1955 were DDT, heptachlor, 
chlordane, aldrin, and dieldrin. Of these, DDT was the 
least effective giving poor control after 28 days at dosages 
of 2 pounds,’ or less, per acre. 

Dieldrin was tested in 10 plots, at dosages ranging from 
2.5 Ibs. to 0.09 Ib. per acre. At dosages of 0.6 lb. or more 
peracre T'abanus larvae were completely eliminated with- 
in 10 days. In the plots treated with lower dosages, larvae 
were still present after 10 days, although in greatly reduced 
humbers. After $2 days no larvae could be found in any 
of the treated plots, while the untreated plots averaged 
14.9 larvae per square yard in eight samples. 

Heptachlor, chlordane and aldrin, in the order named, 
Were more effective than DDT but less effective than 


dieldrin. These results agree, in general, with those re- 
ported by Hansens (1956) in his work on New Jersey salt 
marsh greenheads, using tobacco stem granulated for- 
mulations. 

Because of the effectiveness of dieldrin at low dosages 
and especially because of its reported long residual 
effectiveness, emphasis was placed on the testing of diel- 
drin in 1956 when eight small plots were treated with 
2.5% dieldrin granulated formulations (Attaclay 30/40). 
The formulation used on four of these plots contained 5% 
of urea. The remaining four plots received material that 
had been formulated during the summer of 1955 without 
urea. The results of these tests are summarized in table 1. 


Table 1.—Control of salt marsh Tabanus larvae in eight 
3600-square-foot plots treated with granulated dieldrin, 
1956. 


NUMBER OF LARVAE 


DosaGE (Pounps 
PER SQUARE YARD* 


PER ACRE) 


A. Formulation without urea 
applied June 18 


0,0 
B. Formulation containing 5% urea” ap- 
plied June 21 


® Nine to ten weeks after treatment (New Jersey larvicide samples). Average 
number of larvae in untreated square-yard plots 14.5 in 6 samples. 

> Urea-stabilized granules were formulated according to the recommenda- 
tions of the Shell Chemical Corporation (Anon, 1954). 


The formulations with and without urea appeared to be 
about equally effective in reducing Tabanus larval popula- 
tions. 

LarGE Tests.—Two plots of 105 and 232 acres, 
respectively, were treated using 2.5% dieldrin in a 
granulated formulation with 5% urea included as a stabil- 
izer (Attaclay 30/40 granules; Velsicol AR-60 was the 
dieldrin solvent). A Hiller helicopter equipped for dust- 
ing was adapted by the East Coast Aviation Corporation 


1 Published by permission of the Director, New York State Museum and 
Science Service, Journal Series No. 18. Accepted for publication January 9, 1957. 

2 Supplied by Plant Products Corporation, Blue Point, L.I. 

3 All dosages given refer to the amount of actual insecticide applied. 


379 


Vol. 50 | 
0.53 | 
0, 0 
4 
0.33 | 
0, 0 
0,0 
‘a 0, 0 
0,0 
| 


380 


(Bedford, Mass.) for distribution of the granules. A pair 
of dust hoppers (one on each side of the helicopter), each 
with a funnel-shaped base, was used to carry the granules. 
An electrically controlled gate valve, used to start and 
stop the flow of insecticide, was located at the base of 
each hopper. During the field application these valves 
failed and were replaced by manually operated controls. 

A 12-inch diameter disk was attached horizontally 
about an inch beneath the outlet to each hopper. There 
were eight vertical vanes, each } inch high, on the upper 
surface of each disk. The vanes were bent over slightly 
along the top margin in the direction of rotation to reduce 
the amount of granulated material bouncing off of the disk 
rather than being thrown off by the rotating vanes. The 
disk was rotated by an electric motor operating at about 
1500 r.p.m. The rotating disk broke up the stream of 
granules flowing out of the hopper and threw them out, 
away from the helicopter, where the wind aided in further 
dispersal. 

The helicopter flew about 30 m.p.h. at an altitude of 
about 20 feet over open marsh and at 60 feet or more in 
areas where there were trees bordering the marsh. At an 
altitude of 20 feet with a wind of about 10 m.p.h., most 
of the granules landed in a swath about 35 feet wide. 
Approximately 8 minutes were required to disperse 200 
pounds of granules with this equipment. 

The Tiana Beach salt marsh was treated on May 24 
and 25, 1956, with dieldrin granules applied at the rate 
of 0.3 pound per acre. During the period of application 
the wind averaged about 12 m.p.h. The plot comprised 
about 232 acres of narrow salt marsh along the barrier 
beach separated from the mainland by Shinnecock Bay. 
The treated sector of marsh was 3 miles long and averaged 
almost 650 feet in width. The portion of the salt marsh 
treated is contiguous with similar untreated marsh at 
both ends. 

The second treated area, about 105 acres in extent, 
comprised all of an isolated salt marsh bordering North 
Sea Harbor. This marsh was treated on May 26, 1956, 
using the same equipment, formulation, and dosage 
that were used in the Tiana Beach plot. The granules 
were applied while the wind was blowing about 5 m.p.h. 

Table 2 gives the comparative figures on Tabanus larval 
populations, as indicated by New Jersey larvicide square- 
yard samples, inside and outside of the treated plots and a 
check plot before and after treatment. The data in table 
2 indicate that Tabanus larval populations in both of the 

Table 2.—Numbers of salt marsh Tabanus larvae collected 


in an untreated area and in two plots treated by helicopter 
with granulated dieldrin in 1956. 


AVERAGE NUMBER OF LARVAE PER 
SQuARE YARD* 


After Treatment 
(1956) 


Before Treatment 
(1954-1955) 


LocaTION 


Treated 
Tiana Beach 
North Sea Harbor 
Check 
Cow Neck 


0. 2(22) 
3.5(28) 


12.2(18) 


® Only the collections taken in July and August were used to calculate aver- 
ages. The numbers of samples averaged are given in parentheses. Collections 
made by New Jersey larvicide technique. 


JouRNAL OF Economic ENTOMOLOGY 


Vol. 50, No. 4 


treated plots were considerably reduced after treatment 
while they remained high in the untreated check mars) 
during the same period. The Tiana Beach salt marsh 
has no trees and the helicopter was able to fly at a fairly 
uniform height of about 20 feet above the marsh, The 
North Sea Harbor salt marsh, on the other hand, js 
bordered by woods, so that the helicopter had to fly much 
higher near the edges of the marsh. Ground observations 
made during and shortly after treatment indicated that 
the marhes near the edge of the woods were not effectively 
treated, i.e., few granules could be found in the marsh jp 
these areas. While applying the granules, the pilot could 
not cbserve the swath pattern and, presumably, did not 
compensate for the increased drift at higher altitudes, 
These marginal areas were not re-treated because of the 
limited amount of material available at the time. The 
Tabanus larval population close to the edge of the marsh, 
therefore, was not appreciably affected by the treatment, 
After treatment, an average of 13.3 larvae per square 
yard was collected from six plots taken near the wooded 
edge of the marsh compared with 0.9 larva per square 
yard in 22 samples taken in open marsh away from the 
woods. Earlier observations indicated that larval popula. 
tions near the edge of the marsh were not appreciably 
higher than in the central portion of the marsh before 
treatment. 

Errect oF Larva Contro: Measures on 
GREENHEAD PopuLations.—Traps similar to those em- 
ployed by Hansens (1952) were used to estimate adult 
greenhead populations. These consisted of two square. 
foot pieces of masonite attached back to back on a stake. 
The stake was set in the marsh so that the bottom of the 
masonite was about 1 foot above the marsh. The mason- 
ite was then smeared with tanglefoot. The adult green- 
heads which were caught on the traps were counted and 
removed at weekly intervals. Adult 7. nigrovittatus and T. 
lineola were not counted separately because of difficulties 
in identifying old, tanglefoot-smeared specimens in the 
field. However, our observations agree with those of 
Hansens (1952), who reported that most of the 7. 
lineola females leave the marsh while only a small per- 
centage of 7. nigrovittatus leave the marsh. Almost all 
of the fresh specimens observed on adult traps were 7. 
nigrovittatus. 

The period when greenhead adults are abundant enough 
to be considered a major annoyance lasts only a few 
weeks. The population rises rapidly to a high peak and 
then declines rapidly. The greatest number of greenheads 
captured in 1 week on the individual traps appeared to be 
a good index to the degree of annoyance caused by the 
flies in a given season and was therefore used as a measure 
of the effectiveness of larval control measures in reducing 
adult populations. 

Figure 1 shows the highest weekly counts of adults 
trapped in the Tiana Beach salt marsh plot and adjacent 
untreated marsh in 1956. It is interesting to note that the 
highest counts were obtained inside of the treated area 
rather than outside. It is evident that reductions in larval 
populations were not reflected in reduced adult popula- 
tions in the same area. The lower counts toward the east 
end of the treated plot and just beyond it may be partially 
due to treatment; however, pretreatment larval counts 
east of Ponquogue Bridge were much lower than counts 
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Fig. 1.—Barrier beach at Hampton Bays, Long Island, New York, showing treated portion of salt marsh, location of adult traps, and 
highest weekly counts on traps inside and outside of the treated area. 1956. 


west of the bridge. The lack of control obtained when the 
treated sector of marsh is adjacent to untreated marsh 
was not unexpected. 7. nigrovittatus adults are seldom 
found far from a marsh; however, they appear to fly long 
distances within a marsh or over water adjacent to a 
marsh. 

In the plot at North Sea Harbor the entire salt marsh 
was treated. Results of counts on traps from this marsh 
for 1955 and 1956, together with counts from untreated 
marshes, are given in table 3. Greenheads were much less 

Table 3.—Counts of adult greenheads on traps in a treated 


isolated salt marsh compared with counts in untreated 
marshes. 


Per CENT 
REDUCTION 


(Adjusted)* 


HicHest WEEKLY 
Count 


Loc ATION 1955 1956 


North Sea 
(treated in 1956) 
North-south trap 140 10 
East-west trap 86 1 
Average of all traps in un- 
treated salt marshes 


56.4 
(16)® 


29.4 
(28) 


* Adjusted by calculating the highest weekly count expected in 1956 if plot 
were not treated and comparing this figure with the actual highest weekly 
count for that period, using Abbott!s formula, e.g., North Sea Harbor, north- 
south trap: 

140: X =56.4:29.4 
\=73 The number expected if the plot were not treated 


a 10 The greatest number actually collected in 1 week 
73-10(100) 


—————- = 86.3% reduction 


bm. 
The number of traps used is given in parentheses. 


in evidence in 1956 than in 1955 in both treated and un- 
treated marshes. When this difference is taken into ac- 
count (table 3), the two traps in the treated plot at North 
Sea Harbor showed reductions of 86.3 and 97.8% respec- 
tively. Confirmatory evidence regarding the effectiveness 
of the treatment was obtained from conversations with 
local residents. During the summer of 1955, greenheads 
were so annoying that the beach at North Sea Harbor was 
rarely used during the greenhead season. In 1956, the 
beach was used during the entire summer with almost 
no greenhead annoyance. 

DwuRATION OF EFFECTIVENESS OF A SINGLE APPLICATION 
or LarvicipE.—Since dieldrin acts rather slowly in killing 
Tabanus larvae at low dosages, the larvicide probably 
should not be applied after late May, on Long Island, to 
kill larvae which normally emerge during the following 
summer as adults. Newly hatched greenhead larvae are 
found in large numbers toward the end of August. If the 
residual action of dieldrin persists from late May into 
September, most of the larvae hatching from egg masses 
laid during the summer will be killed. If this proves to be 
the case, two summers’ control may be obtained with a 
single relatively low dosage of larvicide. In Hansens’ 
(1956) experiments, dieldrin granules applied to a salt 
marsh in August at the rate of 0.5 pound per acre appar- 
ently killed larvae which hatched the following summer, 
indicating a rather long residual period. The two large 
plots treated in May, 1956 on Long Island, at the rate of 
0.3 pound dieldrin per acre were not repopulated by small 
larvae by late August 1956, suggesting that the residual 
effectiveness lasted long enough to kill the larvae which 
normally hatch by this time. Collections in the treated 
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plots during the spring and summer of 1957 will provide 
more conclusive evidence on the possibility of 2 years’ 
control of greenheads with a single application of larvi- 
cide. 

Summary.—Experiments in larval control of salt 
marsh Tabanus with granulated formulations of insecti- 
cide were made on Long Island in 1955 and 1956. The in- 
secticides tested were dieldrin, aldrin, chlordane, hepta- 
chlor and DDT. The granules were applied by hand to 
60-foot-square plots in salt marshes having high and rela- 
tively uniform larval populations. Dieldrin appeared to be 
the most satisfactory of the insecticides tested. 

In addition, in 1956, two areas of about 105 and 232 
, acres, respectively, were treated from a helicopter with 
2.5% dieldrin granules (30/40 Attaclay) applied at the 
rate of 0.3 lb. per acre (technical). Larval Tabanus popu- 
lations were greatly reduced in both plots. In the smaller 
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plot, which consisted of an entire isolated salt marsh this 
reduction was reflected in reduced adult populations, Ip 
the larger plot, which was contiguous to untreated 
marsh, adult Tabanus populations remained high. 
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Prior to 1954, infestation of stored grain in the United 
States by dermestids was of a very minor nature. While 
their occurrence in grain was fairly common, none of the 
species was taken in large numbers. During the fall of 
1954, however, severe infestations of Trogoderma glabrum 
(Herbst) were observed in wheat stored on Commodity 
Credit Corporation (hereinafter referred to as CCC) bin 
sites at Beloit and LaCrosse, Kansas. This species was 
first described from North America by Beal (1954). Beal 
(1956, pp. 561-562) states “There is little question but 
that Trogoderma boron Beal is identical with the Palearctic 
glabrum (Herbst).” During 1955 and 1956 the species has 
demonstrated its ability to develop and maintain large 
populations in stored wheat and shelled corn at about the 
same magnitude as its close relative, the khapra beetle 
(Trogoderma granarium Everts), has done in stored barley 
and grain sorghum in Arizona and California. 

With the discovery of severe infestations in Kansas, 
personnel of the U. S. Department of Agriculture Stored- 
Product Insects Laboratory, located at Manhattan, 
Kansas, began preliminary observations on population 
trends, effect of environmental factors, and exploratory 
control measures. In May of 1956, the authors initiated 
a more intensive study of the entire dermestid problem 
in Kansas grain, with emphasis on 7’. glabrum. 

Distripution.—During 1955 and 1956, large numbers 
: of dermestid specimens from many localities have been 
a collected and received, and identifications were made by 
taxonomists of the U. S. Department of Agriculture in 
Washington, D. C. These records show T. glabrum to be 
widely distributed in Kansas, and show it also to occur in 
: South Dakota, Nebraska, Missouri, Colorado, Minnesota, 
Illinois, California, Idaho, Washington, New Mexico, 
Alabama, and Iowa. 

Trogoderma inclusum LeConte appears to be predomi- 
nant in Oklahoma, particularly in farm-stored grain, and 


Epidemic Infestations of Wheat by a Dermestid, 
Trogoderma glabrum (Herbst)* 


GatLen D. Wurre and Harrison E. McGrecor, Biological Sciences Branch, Agric. Mark. Serv., U.S.D.A. 


may become a problem in the near future. In eastern 
Colorado, T. glabrum and T. parabile Beal have been 
found in CCC stored grain with the majority of the der- 
mestid population being 7. parabile Beal. Trogoderma 
teukton Beal (1956, p. 565) has been found as far north as 
Fargo, North Dakota. 

PopuLation TrENDs.—The stored hard red winter 
wheat in which serious infestation developed in the fall 
of 1955 was of the 1952 crop and was delivered from 
farm storage to CCC bin sites in May 1953. A number of 
bins of that wheat were reserved for experimental work. 
It was in some of these bins that the infestation by 7. 
glabrum was first observed. At the time of delivery of the 
wheat, no dermestids were noted. Consequently, when 
the outbreak developed in the fall of 1954, the source 
of the original infestation was doubtful. 

In the spring of 1956, samples of wheat were taken 
directly from trucks as the grain was delivered in satis- 
faction of the CCC loans. These samples, which were 
drawn from widely scattered and representative counties 
of Kansas, showed that nearly 10% of the wheat delivered 
from farm storage was infested with 7. glabrum. 

The populations which developed in circular metal bins 
of 3,300-bushel capacity are shown in table 1. 

DIsTRIBUTION OF THE PoPULATION IN THE GRAIN 
Butx.—In the spring of 1956, five circular metai bins, 
each of 3,300-bushel capacity, were reserved for ecological 
observations in order to determine distribution, abun- 
dance, and migration habits of dermestids in stored grain. 
Four of the five bins contained hard red winter wheat with 
a moisture content below 11%. The fifth bin contained 
No. 2 yellow corn with a moisture content below 10%. 
From May to November, samples were drawn with a 5- 
foot grain trier once each week from 24 to 32 locations 
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Table of infestation by Trogoderma 
glabrum in hard red winter wheat stored in 3,300 bushel, 
ircular, metal bins, Beloit, Kansas, June 16, 1953 to October 
24, 1956. 


SuRFACE PopuLaTION FER 1,000 
Grams or WHEAT 


Adults 


SAMPLED Larvae 


1953 
June 16 
August 3 
August 26 
Sept. 24 
Oct. 2 
Nov. 25 
Dec. 24 
1954 
Jan. 18 
Feb. 10 
March 21 
May 20 
June 29 
July 23 
Aug. 24 
Sept. 20 
Oct. 28 
Nov. 12 
Dee. 11 
1955 
Jan. 15 
Feb. 14 
March 14 
April 12 
May 13 
June 9 
July 13 
Aug. 16 1600 
Fumigated because of excessive insect population 
1956" 
May 24 
June 20 
July 2 
July 26 
Aug. 10 
Aug. 21 
Sept. 7 
Sept. 18 
Sept. 27 
Oct. 3 
Oct. 10 
Oct. 24 


ooceceo 


* The following observations were continued later in a comparable bin at the 
same site, 


each bin. The insect populations were determined by the 
examination of these samples. Each sample contained 
about 500 grams of wheat. 

Ten 500-gram samples were taken at intervals of 6 
inches from the surface to a depth of 5 feet. Twelve 500- 
gram horizontal surface samples were taken, 10 of which 
were taken at 1-foot intervals from the perimeter of the 
bin toward the center. Five-foot samples of 500 grams 
each were taken at the center top, center middle, and 
center bottom of the bin. All of the samples were examined 
and the number and species of insects were recorded ac- 
cording to location. Fluctuations in the dermestid popu- 
lation within the grain mass were thus observed. 

Tables 2 and 3 show the monthly distribution, location, 
and magnitude of the 7. glabrum population in wheat 
stored in a circular metal bin of 3,300-bushel capacity. 
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It may be noted from table 3 that 74.2% of the infestation 
was located in the surface grain in June, 70% in July, 
68.8% in August, 53.7% in September, and 21% in 
October. The top foot of the grain contained 95.9% of the 
infestation in June compared with 39% in October. These 
data indicate that there is a downward movement of 7’. 
glabrum with the advent of cooler weather in the fall. 
Tables 2 and 3 also show the montly population distri- 
bution of 7. glabrum in a 3,300-bushel circular metal bin 


For Table 2 see next page 


containing shelled No. 2 yellow corn. In comparing the 
population and distribution of the 7’. glabrum in the corn 
and wheat bins, it is evident from tables 2 and 3 that more 
dermestids were below the 5-foot level in corn than in 
wheat. 

Exp.oratory Controu Stupies.—Some preliminary 
dermestid control work done in the fall of 1955 showed 
that standard dosages of common liquid grain fumigants 
were insufficient to kill the dermestid population in the 
surface grain. Additional field studies were initiated in 
June 1956. Eight fumigant mixtures and three protectants 
were applied to grain stored in circular metal bins of 3,300 
bushel capacity. All of these bins were infested with 7. 
glabrum. After the treatments were applied, samples were 
drawn at monthly intervals from each bin. 

Of the 11 materials tested in 1956 only calcium cyanide, 
liquid HCN, and methyl bromide showed promise of be- 
ing useful. The data are incomplete because the work is 
still in progress at the time of preparation of this paper. 

Trogoderma glabrum is difficult to control with fumi- 
gants in stored grain because of its habit of concentrating 
in the top foot of the grain mass, with the majority of this 
population being in the surface 2 inches, especially in 
wheat. It is difficult to maintain a lethal concentration 
of fumigant in this portion of the grain mass. While no 
widespread serious damage to stored grain by T. glabrum 


Table 3.—Percentage of live dermestids present at dif- 
ferent levels in circular metal 3,300-bushel bins of grain. 
Concordia, Kansas. 1956. 


Oc- 


TOBER 


SEp- 


Deptu JUNE Juty AUGUST TEMBER 


21. 
18. 
26. 
20. 
12. 


Surface 2” 
2”-12" 
1-2’ 


4-5’ 
5'-10’ 
10’-15' 


Surface 2” 


coco 


ooo 
SAS 


® Trace—less than 0.1 dermestid per 1,000 grams of wheat. 
b T=Less than 1%. 
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68.8 53.7 
7 14.0 16.12 
7 10.5 10.8 
2 4.2% 13.9 
1 1.4 2.1 
: 1 1.0 3.2 3 
0 0.0 0.0 0 
| Shelled Corn 
37.0 25.0 42.0 16 
2”-12” 18.0 7.0 4.0 7 
l 1'-2’ 
Q'-3’ 
4/-5' 9. 
5’-10' 0. 
10’-15’ 0. 
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Table 2.—Distribution and magnitude of population of Trogoderma glabrum in grain stored in 3,300-bushel circular meta| 


bins, Concordia, Kansas. 1956. 
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SampLe LocaTIon 


Livine DerMEsTIDs PER 1,000 Grams or GRAIN 


June 


July 


August 


September 


October 


Adults Larvae Adults Larvae Adults Larvae Adults Larvae Adults Larvae 


Horizontal surface samples 
Center, radial 5 feet 
South half, 5 radial probes, dis- 
tance from bin perimeter 
1 foot 
2 feet 
3 feet 
4 feet 
5 feet 
North half, 5 radial probes, dis- 
tance from bin perimeter 
1 foot 
2 feet 
3 feet 
4 feet 
5 feet 
Vertical samples (center) 
Top 5 feet 
Middle 5 feet 
Bottom 5 feet 
Composite samples 
6 inches 
1 foot 
1.5 feet 
2 feet 
2.5 feet 


3 feet 
3.5 feet 
4 feet 
4.5 feet 
5 feet 


Horizontal surface samples 
Center, radial 5 feet 
South half, 5 radial probes, dis- 
tance from bin perimeter 
1 foot 
2 feet 
3 feet 
4 feet 
5 feet 
North half, 5 radial probes, dis- 
tance from bin perimeter 
1 foot 
2 feet 
3 feet 
4 feet 
5 feet 
Vertical samples (center) 
Top 5 feet 
Middle 5 feet 
Bottom 5 feet 
Composite samples 
6 inches 
1 foot 
1.5 feet 
2 feet 
2.5 feet 


3 feet 
3.5 feet 
4 feet 
4.5 feet 
5 feet 


wow 


12 


pus 


ocr 


omoceoe 


Wheat 
34 8 
32 129 
205 153 
65 101 
174 34 
44 158 
94 171 
110 151 
141 143 
101 149 
125 142 
0 0 
1 7 
0 0 
30 60 
+ 16 
0 20 
0 30 
0 6 
0 7 
2 5 
2 0 
0 2 
0 8 
Shelled Corn 

9 ll 
26 Q7 
15 12 
ll 15 
15 12 
8 7 
21 
Q7 10 
26 17 
28 18 
28 21 
6 1 
1 0 
2 0 
6 8 
7 16 
3 18 
+ 10 
3 13 
3 8 
1 10 
3 3 
8 5 

1 


116 


25 


141 


25 


16 
10 


Or 


— 


com Ore 


® T =Less than one dermestid per 1,000 grams of corn, 


|| Au 
has 
mol 
buil 
Tro 
on 
16 0 = 0 9 La 
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has as yet been recorded, the fact that the species is com- 
mon in farm-stored wheat, together with its ability to 
build up to intense populations in grain stored for pro- 
jonged periods, makes it a potentially destructive pest. 

SumMary.—Prior to 1954, dermestid infestation of 
stored grain in the United States was fairly common but 
ofa very minor nature. During 1954 severe infestations of 
Trogoderma glabrum (Herbst) developed in wheat stored 
on Commodity Credit Corporation bin sites at Beloit and 
LaCrosse, Kansas. It is also present in farm-stored wheat. 
The species exhibits a strong tendency to infest the upper 
portions of the grain bulk. 

Preliminary control work has demonstrated that 


standard dosages of common liquid grain fumigants were 
insufficient to control the infestation in the surface grain. 
Of 11 treatments tested during 1956 only three exhibited 
promise of being useful as a means of control. 
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Sampling Technique Studies on the Spotted Alfalfa Aphid! 


M. W. Nietson, University of Arizona, Tucson* 


The introduction, spread and abundance of the spotted 
alfalfa aphid, Pterocallidium sp., in the United States 
have brought about a need for more accurate methods 
for estimating field populations of this pest. The most 
common method is the use of a sweep net, which is 
practical for determining the presence of the insect but is 
inaccurate for estimating aphid populations in alfalfa. 
Other methods such as leaf count and fork sampling are 
also being used but without knowledge of their accuracy. 
Studies of the biology, ecology, and control of this aphid 
now being undertaken require a more accurate and prac- 
tical sampling technique that can be standarized for use 
by growers, field men, and technical agricultural workers. 

The objectives of the present study were: (1) to test six 
sampling techniques—leaf count, inverse binomial count, 
stem count, plant count, sweep net, and fork sampling— 
for accuracy and practicability, and to determine which 
one should be adopted as a standard for estimating aphid 
populations; (2) to test the relative efficiency of sampling 
aphid populations on various parts of the alfalfa plants; 
and (3) to determine, for simplicity, the minimum number 
of samples and replicates needed for accurate population 
estimates. 

This study was made in alfalfa fields in the Salt River 
and Yuma Valleys of Arizona. Fields with low to very 
high aphid populations were selected at random. An 
effort was also made to include variables such as plant 
height, plant density, and field size. Habits of the aphid 
that had a bearing on sampling procedure or influenced 
sampling techniques were taken into consideration 
throughout the study. For instance, during the cooler 
months of the year aphids often jump if disturbed. An- 
other important factor was the preference of the aphid 
for the lower portions of the plants, especially when in- 
festions were low to moderate. 

Mareriats AND Metnops.—All sampling techniques 
Were set up on a statistical basis to include randomiza- 
tion, replication, and unbiased observations. Replicates 
are referred to as sequences, since each replicate of sam- 
ples was taken in an orderly and uniform arrangement 
along a straight line across each of the fields. Samples 
Were selected at random by walking diagonally across a 
field and taking the samples 20 to 50 steps apart, depend- 


ing upon the size of the field. Each technique was eval- 
uated on the basis of 100 observations, comprising 10 
subsamples each replicated 10 times, except for plant 
count and fork sampling techniques which were evaluated 
from a smaller number of observations. All techniques 
except fork sampling were tested in 10 fields. A descrip- 
tion of each sampling technique follows: 

Leaf Count.—Samples were obtained by selecting at 
random 10 trifoliate leaves from the upper third, middle 
third, and lower third portions of the plants and count- 
ing the aphids on them. The total number of aphids per 
100 trifoliate leaves per field was counted. 

Inverse Binomial Count.—For each subsample, trifoliate 
leaves were selected at random from the upper third, 
middle third, and lower third portions of the plants until 
10 leaves were found infested. One hundred similar sub- 
samples were taken in each field. 

Stem Count.—Ten stems were selected at random, cut 
off at the base, and carefully placed in a half-gallon ice 
cream carton. The infested stems were taken to the labo- 
ratory and sprayed with methyl isobutyl ketone to an- 
aesthetize the aphids. This caused the aphids to drop to 
the bottom of the carton where they were collected and 
counted. The total number of aphids per 100 stems per 
field was counted. 

Plant Count.—One plant normally consisting of many 
stems was selected at random, carefully cut off at the base, 
placed in a half-gallon ice cream carton, and taken to the 
laboratory where the aphids were anaesthetized and 
counted. The total number of aphids per 10 plants per 
field was counted. 

Sweep Net.—Samples were taken with a standard 
sweeping net with a hoop 15 inches in diameter, a 25-inch 
handle and a 24-inch bag depth. Each stroke consisted of 
an 180° are taken at intervals of two walking steps. At 
least two-thirds of the plant height was sampled in each 
stroke. The contents of 10 strokes were placed in a half- 
gallon ice cream carton and taken to the laboratory where 
the aphids were anaesthetized and counted. A count of the 


1 Arizona Agricultural Experiment Station Technical Paper No. $98. Ac- 
cepted for publication January 14, 1957. 

2In cooperation with the Entomology Research Branch, Agricultural Re- 
search Service, U. S. Department of Agriculture. 
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number of aphids per 100 strokes per field was obtained. 

Fork Sampling.—Equipment and techniques for this 
procedure are described by Henderson (1956). The fork 
consisted of four tines, each of a proper depth and width 
to retain single-strength glass slides } X 5 inches. The glass 
slides were coated with tree banding material (Tangle- 
foot) before being placed in the tines. Samples were ob- 
tained by placing the fork under a plant selected at ran- 
dom and shaking the foliage to force the aphids to drop 
on sticky glass slides. Exposed slides were brought to the 
laboratory where the aphids were counted. The total num- 
ber of aphids per 100 horizontal square inches of plant 
cover per field for two fields was counted. 

Analysis of variance and the F test were used to esti- 
mate the difference between sample variances of the popu- 
lations between fields. This was followed by an analysis of 
the sampling variation within fields by the standard error 
test (S. E.) and coefficient of variation (C) for testing the 
difference between the various techniques. The least sig- 
nificat difference (L. S. D.) was calculated to determine the 
mean difference required between samples taken at vari- 
ous vertical levels of the plants. The F test was used to 
determine the variation between the different combina- 
tions of sample sizes and replicates. All methods of 
statistical analysis were those described by Snedecor 
(1946). 

Resutts.—The results of the statistical analysis of the 
data for the six sampling techniques are summarized in 
table 1. A significant difference in the sample variation 
between fields for each technique was shown by the re- 
sults of the F test. These values differed greatly from each 
other, indicating that the methods varied in their ability 
to estimate differences in populations. Moreover, the 
methods having the highest F value showed greatest ac- 
curacy in estimating the difference in populations be- 
tween fields. The inverse binomial count technique had 
the highest F value on the basis of the number of degrees 
of freedom that were employed for each technique. 

The analysis of population variation within fields as 
indicated by the standard error test showed an extremely 
wide range of values between the various techniques. 
Obviously, those techniques having the lowest S. E. were 
the most accurate. The error mean difference of the popu- 
lation between samples within fields was very low for the 
inverse binomial and leaf count methods. In order to 
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place the techniques on a comparable basis, the coeff. 
cient of variation was calculated for each method. Those 
techniques having low standard errors had an increase jn 
C values over their S. E. values. Conversely, techniques 
having high S. E. values had a decrease in C values over 
their standard errors. The significance of this test ind). 
cated a considerable reduction in the range of the values 
which placed the techniques on a basis for more accurate 
comparisons. The lowest of these C values was indicated 
by the inverse binomial count method. 

On the basis of the different analytical tests, the jn. 
verse binomial count method appeared to be the most 
accurate technique. However, the acceptance of this 
method was questionable due to several factors involving 
its practical application in the field. Important qualita. 
tive factors not measurable by statistical analysis were 
carefully observed during the sampling procedure. Thus, 
during the course of examination of heavily infested fields 
for infested leaves, all leaves examined within the factor 
used (10 leaves) were frequently infested. Under these 
conditions this method apparently reached its limits of 
accuracy. If samples were based on the number of aphids 
per trifoliate leaf (leaf count), the accuracy would far ex. 
ceed that attained by the inverse binomial count method. 
The time required to collect samples in heavily infested 
fields by the leaf count method was less than that re- 
quired by the inverse binomial count. Furthermore, if 
sparsely infested fields were examined by the inverse 
binomial count, the time required to find infested leaves 
would be prohibitive in spite of its greater accuracy. The 
leaf count method reduced the amount of time required 
and still provided an accurate estimate of the population. 

Observations on the stem count, plant count, and 
sweep net techniques showed that many aphids were 
knocked off the plants during the sampling procedure. 
This probably accounted for much error in the variation 
between samples as indicated by the S. E. test for these 
techniques. An important disadvantage was the probibi- 
tive amount of time required to collect the samples. The 
sweep net method, which was the most inaccurate tech- 
nique, had several disadvantages. First, the net samples 
at most the upper two-thirds of the plants and in sparsely 
infested fields did not reach the bulk of the population 
present on the lower portions of the plants. Second, dif- 
ferences in height and stand of alfalfa in many fields of- 


Table 1.—Analysis of the data for six sampling techniques on the spotted alfalfa aphid. Tempe, Arizona, 1956. 


DEGREES OF 
FREEDOM 


SOURCE OF 


TECHNIQUE VARIATION 


STANDARD COEFFICIENT 
Error VARIATION 


MEAN 
MEANS SQUARE F (SaMPLEs) (SAMPLES) 


Between Fields 
Within Fields 
Between Fields 
Within Fields 
Between Fields 
Within Fields 
Between Fields 
Within Fields 
Between Fields 
Within Fields 
Between Fields 
Within Fields 


Inverse Binomial Count 
Leaf Count 
Stem Count 


Plant Count 


Fork Sampling 


Sweep Net 


1,583.98 13.3** 
109.05 
2,420.11 
398.60 
98,602.10 
9,821.40 
63,077.33 
18,016.05 
529, 238.00 
18, 102.00 
195,250.00 
49,673.60 


10.90 41.90 


6.09** 
19.92 78.10 


9.96** 
68.10 


105.30 


98.10 
3.50* 
134.20 
29 .23** 
134.58 105.11 


3.93* 
131.10 


222.70 


* Significant at the 5% level. 
** Significant at the 1% level. 
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set any comparisons of the aphid population between 
samples taken within and between fields. For instance, 
many aphids were collected in heavy stands while in 
sparse stands of alfalfa fewer aphids were collected even 
though the population was the same per trifoliate leaf in 
both types of fields. This difference in growth of alfalfa 
did not affect the accuracy of the leaf count or inverse 
binomial count techniques. The sweep net was of value, 
however, in determining the presence or absence of 
aphids. 

The fork sampling method was quite accurate but was 
time consuming. To obtain an accurate estimate of the 
population, the height and density of alfalfa plants and 
size of the field had to be determined. Many aphids held 
on to the leaves while the plants were being shaken, the 
number varying according to the individual using the 
method. Moreover, it was difficult to estimate accurately 
the population due to the differences in the vertical dis- 
tribution of the aphids on the plants. 

The degree of damage to alfalfa by the spotted alfalfa 
aphid was affected by several measurable factors. These 
factors were the number of aphids per leaf per plant; the 
reproductive potential of the aphid; the reproduction rate 
per day of the aphid; the temperature and humidity dur- 
ing infestation periods; the time required for aphid feed- 
ing to kill leaves and plants; the stage of growth of the 
plant which was initially attacked; and a number of in- 
determinate factors. Consideration of the techniques 
tested, in relation to these factors, led to the selection of 
the leaf count as the best technique for estimating popu- 
lations as related to damage of alfalfa. 

Further studies were conducted with the leaf count 
technique to test the efficiency and accuracy of sampling 
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the vertical distribution of aphids on the infested plants. 
Comparisons were based on the number of aphids on 10 
trifoliate leaves selected at random from the top, middle, 
and bottom (TMB) portions of the plants, the top only, 
the middle only, and the bottom only. Each of these verti- 
cal samples was repeated 10 times in each field to give a 
total of 100 trifoliate leaf samples. Each sequence of 10 
leaves was selected at intervals of 20 to 50 steps apart de- 
pending upon the size of the field. Ten fields were used 
for this particular phase of the study. 

Table 2 shows the results of statistical analysis for 
sampling vertical distribution of aphids on alfalfa plants. 
The L. S. D. was calculated for each type of field since 
there were differences in the aphid population between 
them. Data for five fields are included in the table. In 
fields 1, 2, and 3, all of the data were transformed to log- 
arithms. Transformation of the data for the remaining 
fields was not undertaken due to the low numbers of 
aphids collected in each sample. On the basis of samples 
selected from the top-middle-bottom portions of the 
plants, the average number of aphids per trifoliate leaf 
was 6.76 for field 1, 3.16 for field 2, 1.63 for field 3, 0.32 
for field 4, and 1.70 for field 5. The L. S. D. showed no 
significant differences between the means from samples 
selected from the top-middle-bottom and the middle of 
the plants. The samples selected from the top of the plants 
gave too low an estimate and samples from the bottom 
gave too high an estimate of the aphid population. On 
this basis, the best estimate of the population was taken 
from the middle or top-middle-bottom portions of the 
plants. 

As shown in table 3, observations on the vertical dis- 
tribution of the alates and apteri in light to moderately 


Table 2.—Analyses of data on sampling the vertical distribution of aphid infestation on alfalfa plants by the leaf count tech- 


nique. Tempe, Arizona, 1956. 


DEGREES OF 
FREEDOM 


SOURCE OF 


Fretp VARIATION 


SuM OF 
SQUARES 


STANDARD 


VARIANCE OF 
MEAN 


MEAN 
SQUARE 


1 Methods 3 
(Logs) Sampling 36 
Total 39 

L.S.D. 0.23973 


4.137 
2.508 
6.645 


1.379 0.0069 0.08347 


0.069 


(Means: Top—1.2302, TMB—1.7279, Middle—1.8049, Bottom—2.2182) 


Methods 3 
Sampling 36 
Total 39 
(L.S.D. 0.2838 


7.208 
3.524 
10.732 


2.402 
0.0978 


(Means: Top—.8018, TMB—1.3793, Middle—1.6320, Bottom—1.9625) 


Methods 3 
Sampling 36 
Total 39 
L.S.D. 0.3208 


7.788 
4.525 
12.313 


2.596 0.01256 


0.1256 


(Means: Top—.3158, TMB—1.1554, Middle—1.181, Bottom—1. 5254) 


112.27 
427.70 
539.97 


Methods 3 
Sampling 36 
Total 39 
L.S.D. 3.10 


37.42 
11.88 


(Means: Top—1.20, TMB—3.20, Middle—3.80, Bottom—5.90) 


223 
3914 
4137 


Methods 3 
Sampling 36 
Total 39 
L.S.D. 9.462 


74.33 
108.72 


(Means: Top—13.50, TMB—17.00, Middle—17.70, Bottom—20. 10) 
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of infested plants. Tempe, Arizona. 1955. 


MIppLE Bortom 


Top 


Table 3.—The total number of alate and apterous forms of 
the spotted alfalfa aphid collected from three vertical levels 


Frevp Apteri Alates Apteri Alates  Apteri Alates 
1 180 12 720 30 1455 14 
2 120 15 166 ll 188 13 
3 + 5 26 2 55 3 
+ 98 20 140 1 122 2 
5 354 33 361 11 301 17 
6 22 1 178 1 + 


Totai 778 86 1591 56 2479 53 


infested fields showed that the majority of the apterous 
forms preferred the lower portions of the plants and the 
alates preferred the upper portions. This difference in 
habitat preference led to the selection of the top-middle- 
bottom method of sampling in order to include the alate 
forms. Moreover, this method allowed each vertical dis- 
position an equal chance to be sampled, thus including all 
habitat preferences of the aphid. 

The last phase of the sampling problem involving the 
leaf count method was a study of different combinations 
of samples and sequences per field to find a combination 
that was most accurate and simple. A number of samples 
was arbitrarily chosen within the range of 1 to 10. Each 
sample consisted of the average number of aphids per 1, 
3, 5, 7, and 10 trifoliate leaves. In addition to the differ- 
ent sets of leaf samples, five sets of sequences within the 
range of 1 to 25 were arbitrarily selected. Each set of leaf 
samples was repeated 5, 10, 15, 20, and 25 times. These 
different sets of samples and sequences were paired off by 
the latin square method to give 25 different combinations. 
All of the sequences were taken 20 to 50 steps apart de- 
pending upon the size of the field. Six fields representing 
different levels of aphid infestations were used. 

Table 4 shows the results of analysis of data for the 
average number of aphids collected on 1, 3, 5, 7, and 10 
leaves in sequences of 5 and 10 times in each of six fields. 
A highly significant difference between fields was found 
for the 5 to 10 and 10 to 10 combination. No significant 
difference was found between the methods for both com- 
binations. However, there was a significant difference be- 
tween sequences for the 10 to 10 combination. 


Table 4.—Analysis of data for average number of aphids 
collected on 1 leaf, 3 leaves, 5 leaves, 7 leaves, and 10 leaves 
in sequences of 5 and 10 times in each of six fields. Tempe, 
Arizona, 1956. 


——-—~- 


DEGREES 


Repur- Source or or Free- Sum or MEAN 
CATES VARIATION DOM SQUARES SQUARE F 
5 Methods 10.00 2.50 0224 
Fields 5 38,501.00 7,700.00  69.12** 
Sequences 4 31.32 7.83 .0702 
Total 14 $8,542.32 
Interaction 136 15,151.68 111.40 
10 Methods 4 207 51.75 
Fields 5 76,799 15,359.80  53.09°* 
Sequences 8, 567 951.88 $.29* 
Total 18 85,573 
Interaction 132 38,188 289.30 


** Highly significant. 
* Significant, 


Tempe, Arizona, 1956. 


SOURCE OF OF SuM OF MEAN 
VARIATION FREEDOM SQUARES SQUARE F 
Within Samples 70 49,200.49 702.86. 1.30 
Between Methods 4 2,154.70 538.67 
Total 74 51,355.19 693.98 


Analysis of data for average number of aphids per leaf 
pooled from six fields for sample-sequence combinations 
of 3 to 5, 7 to 10, 5 to 15, 10 to 20, and 1 to 25 series are 
shown in table 5. The F value of 1.30 indicated that the 
difference within samples was greater than the difference 
between the methods, thus no difference between any of 
the five different combinations was apparent. On the 
basis of these results, it appeared that a combination 
must be selected partly on sound judgement and experi- 
ence, and partly on the basis of statistical deduction. 
Since the sample variance was significantly different be- 
tween 10 sequences but not for 5 (table 4), the selection 
of 10 sequences appeared statistically sound and practi- 
cal. The significant difference of the samples between 10 
sequences justified the expected variation that occurred 
in the field. Non-significant differences between various 
leaf samples (table 4) indicated that any number of 
leaves from 1 to 10 could be used. However, if samples of 
more than 5 leaves are not more accurate than fewer than 
5, then any number less than 5 would be more practical. 
Therefore, three leaves were selected due to the practica- 
bility and accuracy in sampling one leaf each from the 
top, middle, and bottom portions of the plants. The selec- 
tion of the 3 to 10 combination appeared justified in view 
of its recent successful application in field population 
studies. 

Conciusions.—Studies of sampling techniques for 
estimating spotted alfalfa aphid populations have demon- 
strated the simplicity, efficiency, practicability, and ac- 
curacy of the leaf count method and system of sampling. 
This consists of counting the number of aphids on three 
trifoliate leaves, each selected at random from the top, 
middle, and bottom of alfalfa plants. These samples 
should be replicated 10 times at random intervals of 20 to 
50 walking steps in a diagonal fashion across the field. 
Thirty trifoliate leaves should represent samples from at 
least one-half the area of the field if the replicates are 
spaced properly. Care should be taken during the sam- 
pling procedure to minimize disturbance and subsequent 
loss of the aphids on the leaves. Best results are obtained 
by grasping the leaf petiole by the thumb and fore-finger 
and slowly turning it until the entire under side of the 
leaf is clearly visible. 

Summary.—Six sampling techniques (inverse binomial 
count, leaf count, stem count, plant count, sweep net, 
and fork sampling) were studied to determine the most 
practical and accurate method for estimating populations 
of the spotted alfalfa aphid. The F test indicated signifi- 
cant differences between field samples for all tecliniques. 
However, the standard error and coefficient of variation 
tests showed that the inverse binomial count and leaf 
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Table 5.—Analysis of data for average number of aphids 
per leaf pooled from six fields for sample-sequence combing. 
tions of 3 to 5, 7 to 10, 5 to 15, 10 to 20, and 1 to 25 series, 
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count techniques were the most accurate and had the 
least amount of variation between the samples within 
replicates and fields. The leaf count method was selected 
on the basis of practicability and reasonable accuracy. 
Further studies on the vertical distribution of the aphid 
showed that the best estimate of the population was 
from 10 leaves selected at random from the middle of the 
plants or equally from the top, middle, and bottom por- 
tions of the plants. The latter method was selected due to 
diflerences in the vertical distribution of the alate and 
apterous forms. The best sample-sequence combination 
was 3 to 10, i.e., three leaves each selected at random 
from the top, middle, and bottom portions of the plants 
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and replicated 10 times. The most satisfactory procedure 
consisted of counting the number of aphids on three 
trifoliate leaves, each selected at random from the top, 
middle, and bottom portions of the plants, respectively, 
and replicated 10 times at intervals of 20 to 50 walking 
steps in a diagonal fashion across the field. 
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Sampling Methods Used in Estimating Larval Populations 
of Salt Marsh Tabanids' 


W. Wat, Suffolk County Mosquito Control Commission, Suffolk Co., N. Y., and H. JaMNBacK, 
New York State Museum and Science Service, Albany 


Since tabanid larvae are usually found in moist soil, 
in tangled root masses, or wet organic debris, it is often 
difficult to delimit their breeding areas. Methods which 
have been used in sampling larval populations include 
sifting, washing, sorting, or turning the soil; drying the 
soil; or, more recently, applying irritants to the surface of 
the soil (Bailey 1948, Khan 1951, Hansens 1956). 

The first series of sampling techniques mentioned above 
cannot be satisfactorily used in salt marshes because of 
the nearly impenetrable tangle of fine roots which hold 
the soil together. The latter two methods, when used in 
conjunction, proved to be satisfactory for control and 
biological studies in the Long Island salt marshes. 

Usep SAMPLING.—New Jersey larvicide® 
diluted with water 1:19 was used as an irritant. The 
emulsion was applied at low tide to the cleared surface of 
the marsh with a hand sprayer. Each plot was sprayed 
twice, the second spray being applied about 5 minutes 
after the first. About 1 gallon of the diluted emulsion was 
used to treat a square yard. 

Tabanus larvae emerged at irregular intervals after the 
spray was applied. In some plots one or more larvae were 
already at the surface of the marsh, in others, the first 
larvae did not appear for more than 20 minutes. The 
number of larvae emerging during 3-minute periods over 
4 40-minute period from plots sprayed in June, July, or 
August 1954 through 1956 are shown in table 1. From 
table 1 it can be seen that, on the average, the number of 
larvae appearing at the surface increased gradually for 
Pig minutes and then decreased somewhat more gradu- 

y. 

Eighteen of these plots were observed for a total of 60 
minutes. An average of 2.1 larvae emerged from these 
plots between 40 and 60 minutes after spraying. Since 
these samples were taken from plots which averaged 
about 14 larvae per square yard in 40 minutes, about 13% 
of the larvae coming to the surface during a 60-minute 
period following spraying, appeared during the last 20 
minutes. 

It is possible, as Richards (1956) suggested, that irri- 


tants other than New Jersey larvicide will prove more 
satisfactory in sampling larval tabanid populations. 
Limited tests indicate that 0.5 ounce of 10% lindane, 
diluted with 1 gallon of water, is about as effective as New 
Jersey larvicide. Hansens (1956) successfully used lindane 
as an irritant for salt marsh larval sampling in New 
Jersey. Pyrethrum-sulfoxide wettable powder appeared 
to be somewhat more effective than either New Jersey 
larvicide or lindane in limited tests. 

New Jersey larvicide sampling was not effective during 
cold weather. Twelve samples taken during the winter 
and early spring of 1955-56, when the soil temperature 
was 52 degrees F. or less, averaged 0.85 larva per sample, 
while square yard samples taken in the same marshes 
during July and August averaged 14.4 larvae for 72 
samples. Since the larvae over-winter and do not begin to 
pupate until June on Long Island, the low counts ob- 
tained during the cold weather were due to the failure of 
the sampling method rather than to a lack of larvae in the 
soil at that time of year. Berlese funnel samples (described 
below) taken in these marshes during the same winter and 
spring period averaged 11.1 Tabanus per square foot in 15 
samples. 

VerticaL Distrrpution oF TaBanip Larvar.—In 
1954, 15 plugs of salt marsh sod each 8} inches thick and 
8 inches in diameter were taken from the marshes. Each 
was cut into four slices with a-hand saw. The three top 
slices were each 1} inches thick*® and the bottom slice 4 
inches thick. Each slice was sprayed with New Jersey 
larvicide. Twenty-two Tabanus larvae emerged from the 
top slice, two from the second slice, and none from slices 
three and four. 

In 1955 and 1956, seven plugs, 1-foot-square, but other- 
wise similar to those sampled in 1954 were cut and each 


1 Published by permission of the Director, New York State Museum and Sci- 
ence Service, Journal Series No. 19. Accepted for publication January 17, 1957. 

2 Concentrate: 66% kerosene or similar petroleum distillate; 0.07% pyreth- 
rins, 0.50% sodium laury] sulfate, 33.50% water. 

3 Because of surface irregularities some of the topmost slices were somewhat 
less than 1} inches thick. 
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Table 1.—The number of Tabanus larvae emerging in 40 
minutes from square-yard plots sprayed with New Jersey 
larvicides diluted 1 to 20. 


Minvrtes Arter First Spkay NuMBER EMERGING 


0 5 
1-3 19 
4-6 50 
7-9 72 
10-12 154 
13-15 198 
16-18 166 
19-21 174 
22-24 151 
25-27 133 
115 

96 

79 

45 

17 


Total 1474 


slice placed in a separate Berlese funnel to dry. Thirty 
Tabanus and 25 Chrysops larvae were collected from the 
topmost slices, two Chrysops from the second, and none 
from the next two slices. These data confirm the beliefs of 
Bailey (1948) and Hansens (1949) that salt marsh 
Tabanus larvae live close to the surface. 

Four slices taken in November and December 1955 had 
a total of 67 Tabanus larvae in the top 1} inches and none 
in the next 7 inches. This indicates that the larvae do not 
migrate downward in the winter and agrees with observa- 
tions by Gerry (1949). 

The appearance of Chrysops larvae in Berlese funnel 
samples and their absence in New Jersey larvicide samples 
was unexpected. In all of the New Jersey larvicide sam- 
ples taken in this study only one Chrysops larva was col- 
lected while in Berlese funnel samples they averaged 
about 20% of the total collection in some areas. 

A possible explanation for the lack of Chrysops larvae 
in New Jersey larvicide samples becomes apparent when 
larvae of the two genera are irritated in the laboratory. 
Tabanus larvae usually respond by moving rapidly to 
escape the irritant while Chrysops larvae respond by 
moving slowly or contracting and becoming immobile. 

Bertese Funnet Square-Foor Sampies.—Berlese 
funnel samples were taken by cutting pieces of sod from 
the marsh surface. Each piece was 1 foot square and 1} 
inches thick. These were placed in a funnel and dried out 
with a 100-watt bulb. Larvae which emerged from the sod 
fell into a jar of salt marsh water fastened to the bottom 
of the funnel. Samples were examined at 1- or 2-day in- 
tervals. At least 7 days are required to dry the sod thor- 
oughly and collect most of the tabanids. Larvae collected 
by this method were kept for rearing with less mortality 
than those collected by the New Jersey larvicide sampling 
method. 

The number of tabanid larvae which emerged from 
Berlese funnel square-foot samples was found to be more 
variable than the number collected from New Jersey 
larvicide square-yard samples, presumably because of the 
smaller area sampled by the Berlese funnel method. How- 
ever, if enough samples are averaged, a fairly good esti- 
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mate of the relative abundance of the different species can 
probably be obtained since both Tabanus and Chrysops 
larvae were collected by this method. The relative num. 
bers of the different species present varied from marsh to 
marsh, apparently being correlated with the presence or 
absence of woods bordering the marsh. At Cow Neck and 
Towd Point, both of which are bordered by trees, 409 
tabanid larvae were collected from Berlese funnel samples 
in 1956. Of these 16.4% were Chrysops fuliginosa Wied,, 
5.5% Chrysops atlantica Pech., 26.9% Tabanus lineola F,, 
33.8% Tabanus nigrovittatus Macq. and 17.4% small or 
otherwise unidentifiable Tabanus spp. 

On Dune Road, Hampton Bays, where there are no 
trees, 63 tabanid larvae were collected from 20 Berlese 
funnel samples. Of these, 68.3% were T. nigrovittatus, 
1.5% T. lineola, and 30.2% small Tabanus (probably 
mostly 7. nigrovittatus). 

The lack of Chrysops spp. larvae and relative scarcity 
of T. lineola larvae in the salt marshes on the south shore 
barrier beach and marsh islands was quite striking when 
compared with the numbers found in salt marshes along 
the North Shore, Peconic Bay, and the southern margin 
of the mainland along the south shore. This was reflected, 
to a large extent, in adult populations. C. fuliginosa was 
rarely seen or captured on traps along the barrier beach, 
but was extremely abundant in June, in other salt marsh 
areas on Long Island. C. atlantica and T. lineola were more 
commonly seen, later in the season, along the barrier 
beach, but were less common there than in the marshes 
bordered by trees. 

Rewative NumsBers or Tabanus Larvae 
BY Two DirrereNtT SAMPLING Metuops.—The relative 
numbers of Tabanus collected from the same salt marshes 
by the two sampling methods suggested that many of the 
larvae present in the sod did not come to the surface 
when New Jersey larvicide was applied, at least during 
the period of observation. Averages of comparable counts 
using the two methods are given in table 2. 

If it is assumed that all of the Tabanus larvae present 
in a Berlese funnel sample were collected, then, on a com- 
parative basis, only about 13% of those present in a 
square yard of salt marsh came to the surface within 40 
minutes when New Jersey larvicide was applied as an 
irritant. As stated previously, almost none of the Chrysops 


Table 2.—A comparison of two different sampling methods 
for estimating populations of Tabanus larvae in Long Island, 
New York, salt marshes. 


AVERAGE No. PER 
SQuARE YARD Per 

COLLECTED 
BY 


LARVICIDE 


Berlese 
Funnel® 


N.J. Larvi- 


LocaTIon cide 


Cow Neck 13.6 


North Sea Harbor 
after treatment® 
Tiana Beach 
before treatment 
after treatment 
Average 


12.2(18)  90(32) 


8.1(13) 11.3 


0.9(22) 
16.7 
13.1 


31.5(29) 
1.8(22) 


5.25(4) 
0. 2(22) 


® Converted from square-foot collections. 
b The numbers in parentheses indicate the number of samples averaged. 
° Excluding samples taken near the wooded margin of the marsh. 
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present in the marsh came to the surface when this irri- 
tant was applied. 

Summary.—Two methods of sampling tabanid larval 
populations used in studies on Long Island, New York, 
salt marshes were compared and the advantages and dis- 
advantages of each method may be summarized as fol- 


lows: 


New Jersey larvicide square-yard samples.—Advantages: 
Less variation between samples taken close together; 
sampling can be completed in about an hour. Disad- 
vantages: Ineffective in cold weather; Chrysops larvae not 
collected; larvae suffer considerable mortality when kept 
for rearing; cannot be used when there is free water on 


marsh. 

Berlese funnel square-foot samples.—Advantages: Can be 
used in cold weather; both Tabanus and Chrysops larvae 
collected; larvae can be kept for rearing with less mor- 
tality; can be used when there is free water on marsh. 
Disadvantages: Considerable variation between samples 


taken close together; requires about 1 week and repeated 
examinations to collect all of the larvae. 
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Weight Loss in Stored Corn and Beans Caused by Insect Feeding! 


EvuGene J. GerBerG? and L. 


Published observations on weight loss of stored prod- 
ucts due to insect feeding are scattered and not readily 
available, in spite of the obvious economic importance of 
such information. The detailed experiments of White 
(1953) indicated that the feeding of the rice weevil, 
Sitophilus oryza (L.), in wheat caused an average weight 
loss of 20% in a five-week period. In order to determine 
weight losses caused by other stored product pests, pre- 
liminary tests were conducted on beans and corn in three 
separate experiments. 

Metnops.—Experiment I.—Kernels of a dried ear of 
popcorn that had been previously infested by the 
Angoumois grain moth, Sitotroga cerealella (Oliv.), were 
removed from the cob and divided into two groups. Group 
Aall showed evidence of an exit hole, Group B showed no 
external evidence of infestation. The ear of corn was ap- 
proximately 1 year old and all moths had emerged. There 
were no living stages in the kernels. Fifteen sub-samples 
of five kernels each were withdrawn from each group and 
weighed. 

Experiment II.—Cow peas or black-eyed peas (Vigna 
sinensis) were marked with India ink, weighed indi- 
vidually and placed in a jar with 25 adult bean beetles, 
Acanthoscelides obtectus (Say). A temperature of approxi- 
mately 75° F. and a relative humidity of approximately 
50% were maintained in the rearing chamber. After 60 
days the peas were removed from the jar and weighed. 
The weight of any living stages within the pea was in- 
cluded in the total weight of the pea. 

Experiment II1IT.—One hundred navy beans (Phaseolus 
vulgaris) with no evidence of insect infestation were 
selected and numbered by marking each bean with India 
ink. The beans were weighed individually, mixed, then 10 
selected at random as controls. Fifty adult bean weevils 
were introduced into the container with the remaining 90 
beans. Both controls and infested beans were kept at 


75° F. and 50% R. H. for 60 days. At the end of 30 days 
the 50 original adults were removed and the beans 
weighed individually. At the 60 day period, emerged 
adults were removed and counted. The beans were 
weighed individually and the number of emergence holes 
were counted individually. 

Resutts.—Experiment I.—The average weight of five 
kernels of non-infested corn was found to be 988 mg. with 
a range from 840 to 1050 mg. and a standard deviation of 
39 mg. The average weight of five kernels of corn which 
showed emergence holes was 888 mg. with a range from 
827 to 960 mg. and a standard deviation of 42 mg. The 
average loss per kernel was, therefore, 20 mg. out of 198 
mg. or 10.1% and when tested statistically was significant 
at the 1% level. 

Experiment IT.—The average weight of one pea before 
exposure to insects was 294 mg. with a range from 223 to 
357 mg. and a standard deviation of 52 mg. After ex- 
posure for 60 days, the average weight of one pea was 110 
mg. with a range from 62 to 258 mg. and a standard devia- 
tion of 178 mg. The increased range and standard devia- 
tion of the infested peas were, of course, the result of non- 
uniform infestations of individual peas. The average loss 
per pea was 202 mg. out of 294 mg. or 68.7% and this, too, 
was found significant at the 1% level. 

Experiment ITT.—The results of this experiment are 
given in table 1 and are shown graphically in figures 1 and 
2. The number of insects per bean varied from 0 to 16 and 
followed a normal distribution with an average number of 
insects per bean of 4.2 and a median number of 4. The 
average original weight per bean was 680 mg. After 30 
days the average weight of an exposed, infested bean was 


1 Accepted for publication January 18, 1957. 
2 Director, Insect Control and Research, Inc., Baltimore, Maryland. 
3 Director, American Bio-Chemical Laboratory, Inc., Baltimore, Maryland, 
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Table 1.—Weight loss of beans due to bean weevils. 


Wercut or Beans (Ma.) 


Initial After 30 Days After 60 Days 


NUMBER OF Per Cent Total 


INSECTS PER Average 
Bean at 60 No. of Average Per Cent Total Loss per 
Days Beans Average Average Loss Loss Average Loss Loss Tnsect 


674.3 (+0. 


S 


17 2 (+3. 
9 6 


9 

10 

ll 

12 

13 

16 
Controls 


556. 
825. 
485. 
363. 
440. 
665. 


WWM 


—_— 
as 


630 mg. and after 60 days, 580 mg. The average total of 10% of infested kernels over non-infested kernels. Ey. 
weight loss was, therefore, 50 mg. at 30 days and 100 mg. _ periment II represented more closely controlled labora- 
at 60 days, or an average weight loss per insect at 60 days tory conditions, in which gross weight loss was deter- 
of 23.8 mg. This represents an average weight loss (based | mined and again shows a clearly defined and significant 
on original weight) of 14.7% or an average weight loss weight loss of 68.7% in the total quantity exposed. 
per insect of 3.5%. In experiment IIT, conditions were controlled as closely 

Discusston.—While Experiment I was lacking in con- as possible and the beans were handled individually for 
trol of conditions, it tends to show very clearly the weight weighing and counting insects. Each hole was taken as 
loss of corn kernels by infestation under “field storage’ representing one insect in order to determine the number 
conditions. There is a clear and significant loss of weight — of insects per bean. The weight loss per insect was almost 

constant but exhibited a slight slope indicating less loss 

% 05s of per insect with increasing number of insects per bean. 
Weight 


beans 
40; 


% Loss of weight average 
Total 9, 


% Loss of weight 
per_insect 


4.5% 


5678 9 1011 1213 16 17 

mber of Insects per bean Of 234656 7F 9101 1213 %4 151617 
m f t 


Number ofinsects per bean 


Fic. 1.—Shows per cent loss in weight of beans in rela- 


tion to the number of insects per bean. Fic. 2.—Frequency distribution of insects in beans. 
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The controls showed a loss of 3.5% in weight in 60 days, 
while the uninfested beans showed practically no loss in 
the same period. It is believed that this may represent a 
loss of moisture in the controls while the uninfested beans 
were maintained at higher humidity by the numbers of 
insects multiplying and growing around them. For this 
reason no corrections were made in the calculations for 
the weight loss in the controls. These data also permit an 
estimate of the number of insects infesting each bean and 
the distribution follows a normal curve. 
SummMary.—Three experiments designed to show the 
quantitative results of insect feeding on stored products 
are described. On kernels of popcorn that had been in- 
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fested under “field storage’ conditions with Angoumois 
grain moth, a loss in weight of 10.1% was noted between 
the infested and the non-infested kernels. In cow peas 
infested with bean weevils, an average weight loss per pea 
of 68.7% was sustained in 60 days. In navy beans infested 
with bean weevils, an average weight loss of 14.7% per 
bean was noted in 60 days with an average of 4.2 insects 
per bean or 3.5% weight loss due to one insect. 
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Sterilization of the White-Pine Weevil with Gamma Radiation! 


H. A. Jaynes and P. A. Gopwin, Northeastern Forest Experiment Station, Forest Service, U.S.D.A., New Haven, Connecticut 


As a preliminary to a dispersal study of the white-pine 
weevil Pissodes strobi (Peck), adult weevils were treated 
with several radioactive materials to determine their 
effect on the insect. Sterilization of the weevils was a 
requisite for the tagging material, because large numbers 
of weevils were to be released in valuable pine plantations. 
Phosphorous-32 was a promising material in that it did 
not shorten the life-span of the weevils and has a short 
half-life, which reduces the contamination hazard. How- 
ever, the external application of the phosphorous did not 
sterilize the weevils. The success of gamma radiation in 
the sterilization of other insects suggested itself as a 
simple method for mass-sterilization of the weevils 
(Bushland & Hopkins 1951, 1953; Runner 1916; Sullivan 
1953). 

Marertats AND Metuops.—Weevils for this test were 
collected in the vicinity of New Lisbon, New York. In- 
fested white pine terminal growth was collected in July 
and the adults were allowed to emerge in the insectary 
in August. To obtain unmated insects, the infested shoots 
were split and the pupae were isolated in individual shell 
vials. Because the white-pine weevil has an obligatory 
diapause, the test insects were placed in pine litter, out- 
of-doors, in November. The weevils were brought into 
the laboratory in February and allowed to feed for 5 days 
before treatment. 

Four physiological types of weevils were recognized: 
mated and unmated females and mated and unmated 
males. For each treatment 40 weevils of each type were 
placed in 19X22 mm. plastic vials. One vial of each of 
the four types of weevils was then placed in a 28X 104 
mm. plastic vial, and exposed as a unit. 

The weevils were exposed to a Co" gamma source with 
a dosimetry of 245,000 roentgens (r) per hour.2 Exposures 
of 1 minute 16 seconds, 2 minutes $2 seconds, and 5 
minutes 4 seconds were made, giving dosages of approx- 
imately 5,000, 10,000, and 20,000 r. 

After treatment, eight mating combinations of  ir- 
radiated and non-irradiated male and female weevils were 
made for each radiation level. The following combinations 
were made for both mated and unmated weevils: irrad- 
lated females with irradiated males, irradiated females 


with non-irradiated males, non-irradiated females with 
irradiated males, and non-irradiated females with non- 
irradiated males. There were four replicates of each 
combination. Five male and five female weevils were 
placed in a pint mason jar with a twig of white pine for 
each replicate. 

Four criteria were used to determine radiation effects: 
longevity, frequency of feeding, fecundity, and fertility 
of the eggs. The insects were examined every 3 days. The 
dead were counted and sexed and the twigs were replaced. 
Feeding punctures on the removed twigs were then 
counted, after which the bark was stripped and the eggs 
were counted. To determine fertility the eggs were placed 
in petri dishes and held at 80° F. and 100% relative 
humidity for 10 days. Hatching normally took place in 
5 to 7 days. 

Resuuts.—As with other animal forms studied, the 
life span of the white-pine weevil was progressively 
shortened by increasing dosages of gamma radiation 
(table 1). Though differences among the treatments are 
not always significant at the 95% probability level, the 
trend is apparent. However, the highly significant lower 
survival of the mated females and in fact the apparent 
survival value of virginity for both males and females is 
unexplained. 

Table 2 lists the average number of feeding punctures 
per weevil per day. These figures were obtained by count- 
ing the number of feeding punctures and dividing by the 
number of weevil-days since the previous examination. 
It can be seen that the feeding activity of the irradiated 
weevils was reduced by approximately one-half. However, 
the reduction seems to be confined wholly to a decrease 
in the activity of che irradiated females. No significant 
differences were detectable among the three dosage levels. 

Of the activities studied, oviposition was the most 
drastically altered. Both rate of oviposition (table 3) and 
total egg production (table 4) were decreased. The reduc- 
tion in total numbers of eggs laid reflects mostly the 


1 Accepted for publication January 25, 1957. 

2 The exposures were made at the Brookhaven National Laboratory, Upton, 
New York, through the cooperatfon of Dr. Seymour Shapiro, Department of 
Biology. 
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Table 1.—Longevity of irradiated white-pine weevils. 


AveraGE LENGTH or Lire AFTER TREATMENT (Days) 


KIND oF 


WEEvIL* Untreated Significance 5,000 r 


20,000 r 


Significance® 10,000 r Significance 


31.07+1.88 
31.60+2.02 
15.17+1.15 
25.55+1.47 


33.90 + 2.37 NS. 
33.80+ 2.27 NSS. 
29.95+2.04 
33.57+1.93 


12.05+ .68 
14.07+1.99 
12.72+ .64 
20.7241.57 


— 


19.70+1.12 

S 24.30+1.47 
NS. 16.90+1.18 

24.05+1.63 NS. 


® M =mated before treatment; V=unmated before treatment. Significance of difference between means of: > 5,000 r treatment and untreated; ° 10,000 r 


treatment and 5,000 r treatment; 4 20,000 r treatment and 10,000 r treatment. 


shortened life span of the females, but even those females 
exposed to 5,000 r, which did not seriously reduce the 
life span, produced only 12% of the number laid by 
untreated females. Also insemination of normal females 
by sterile males served to reduce egg production 8 to 13%. 
As with feeding activity, there was no progressive decrease 
in rate of oviposition or in total egg deposition with the 
increase of the radiation dosage from 5,000 r to 20,000 r. 
However the hatchability data suggests that complete 
sterility of males and females can be expected at exposures 
between 5,000 r and 10,000 r. The 31.8% hatch of eggs 
of the RV 9 XNVo group exposed to 20,000 r remains 
unexplained. The eggs which hatched were the product 
of just one female. These eggs displayed a change of 
resistance to irradiation not shown in other eggs in this 


Table 2.—Feeding punctures per day per weevil." 


IRRADIATED 
FEMALES 


RV? 
1.70+0.13 
1.64+0.06 
1.88+0.22 

RV? 
1.90+0.16 
1.76+0.15 
2.07+0.04 

RM? 
1.79+0.16 
1.66+0.08 
1.42+0.07 

RM? 
2.01+0.13 
1.56+0.08 
1.28+0.05 


NorMAL 
FEMALES” 


DosaGE 
(ROENTGENS) 


5,000 
10,000 
20,000 
NV? 
3.03 +0.28 
3.59+0.42 
3.52+0.29 


5,000 
10,000 
20 , 000 


5,000 
10,000 
20,000 


5,000 
10,000 
20 ,000 


® R=irradiated; N =non-irradiated; M =mated; V =unmated. 
b Untreated: K NVQ 3.77 + 036; NM? X 3.11 + 0.16. 


Table 3.—Number of eggs laid per female per day. 


RoENTGEN TREATMENT? 


WEEVIL 
CoMBINATIONS* 


RV? 
RV? 
RM? 
RM ° 
NM? 


5,000 10,000 20,000 


0.43+ .07 0.42+ .08 
434 .07 
2.63+ .20 
.05 
.07 


2.19+ .18 


0.77+.17 
.62+ .09 
2.41+.14 
.84+ .14 
.53+ .10 
2.39+ .21 


R=irradiated; N =non-irradiated; M=mated; V =unmated. 
b Untreated: V2 X Vc" 3.40 + .48;M?% X Mo’ 2.74 + .36 


study, and seemingly not in agreement with changes in 
radiosensitivity found in other insect eggs, since the per 
cent of hatch increased with increased length of time from 
treatment. 

The fertility of eggs produced by the females in the 
NM ° XRMo group is of particular interest with regard 
to the use of sterilized males in the suppression of natural 
weevil populations. It indicates that sterilized males are 
able to negate previous insemination by a normal male. 
However, insemination by normal males may also nullify 
insemination by irradiated males. Over a period of 12 
days, 20 normal females which had been mated with 20 
irradiated males produced 808 eggs, none of which 
hatched. The irradiated males were then replaced with 


Table 4.—Viability of weevil eggs. 


RoENTGEN TREATMENT 


WEEVIL 


CoMBINATIONS® 5,000 10,000 20,000 


RV? 
Total eggs 430 191 
Hatched 0 
Per cent hatched 0 


166 


RV? 
Total eggs 
Hatched 
Per cent hatched 


NV? 
Total eggs 
Hatched 
Per cent hatched 


RM° 
Total eggs 
Hatched 
Per cent hatched 


RM? 
Total eggs 
Hatched 
Per cent hatched 


NM° 
Total eggs 
Hatched 
Per cent hatched 


Untreated 
Total eggs 


Hatched 
Per cent hatched 


0.4 


M? XM@ 
1,670 
1,435 

85.9 


2, 232 
1,943 

87.0 


® R=irradiated; N =non-irradiated; M=mated; V=unmated. 
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20 normal males. In the following 12 days the females 
produced 938 eggs, 81% of which were fertile. In addi- 
tion, increased viability of eggs at the higher dosage seems 
to indicate that above 10,000 r, irradiated spermatozoa 
are being materially damaged so that older sperm can 
successfully compete. Thus dosages above 10,000 r reduce 
the effectiveness of male sterilization. The quantitative 
aspect of polygamy among weevils under natural condi- 
tions is not known; but if it approaches the frequencies 
found in the laboratory then the use of sterile males to 
control natural populations would not be feasible. 
ConcLusions.—For sterilizing weevils in the proposed 
dispersal studies, an exposure of 5,000 to 10,000 r appears 
best. The longevity of the weevils was not reduced and 
egg sterility was at an acceptable level. Diminished feed- 
ing and oviposition rates, however, suggest the possibility 
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that other activities such as frequency of flight may also 
be altered or reduced. 
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A Biological Study of Collops balteatus Lec. and 
Collops vittatus (Say) 


J. K. Waker, Jr., Texas Agricultural Experiment Station, College Station 


The genus, Collops (Coleoptera), is represented in the 
local fauna chiefly by two species, balteatus Lec. and 
vittatus (Say). These attractively colored beetles may be 
found commonly in pastures, hay and cotton fields, 
gardens and along fence rows. Adults of both species may 
be collected throughout the year; they are active even 
during warm spells in the winter months. Although the 
beetles are quite common, little is known of their life 
history or of their importance as beneficial insects. In 
fact, such data are meager for all members of the genus. 

Wildermuth (1912) considered C. vittatus to be an 
important predator of the alfalfa caterpillar. Dabms & 
Kagan (1938) considered the adults of C. quadrimaculatus 
(Fab.) to be important predators of the eggs of the chinch 
bug. Clancy (1946) stated that 40% of the eggs of the 
stink bug, Euschistus impictiventris Stal., were destroyed 
by C. marginellus Lec. in one field under observation. 
Ewing & Ivy (1943) showed that C. balteatus was a preda- 
tor of the eggs of the cotton bollworm. 

The modified third antennal segment of the males of 
Collops attracted the attention of earlier writers. Horn 
(1870) described the segment as follows: “In examining 
the antennae of our largest species (validus) there will be 
found a curious articulated appendage arising from near 
the base of the second (really the third) joint of the 
antennae, and extending forward, usually concealed in 
the deep cavity on the upper surface of the joint. This 
appendage resembles an elongate inner maxillary lobe, is 
slender and furnished at tip with a brush of stiff curved 
hairs. When this appendage is raised so as to become 
distinctly visible the entire joint resembles somewhat the 
large mandible of a crustacean. All species exhibit this 
appendage varying in size and development according 
to species.”” McAtee (1916) observed that the hook-like 
segment served to hold the male and female beetles in a 
face to face position in a type of sexual manifestation. 


The present study was conducted during 1953, 1954, 
and 1955 to investigate the biology of C. balteatus and C. 
vittatus and to determine the status of these species as 
predators. 

Lasoratory Procepure.—Gravid females of baltea- 
tus and vittatus were collected from the field in December, 
1954 and confined individually in glass vials containing 
portions of dried cotton blossoms. The beetles oviposited 
readily in the folds of the petals and in the cellucotton 
stoppers. The eggs were removed daily and placed in other 
vials. As the larvae hatched, they were transferred in- 
dividually to small cages containing cotton leaves infested 
with the eggs of red spider mites, Tetranychus sp. Each 
cage was fashioned of a soft rubber hose washer of about 
1” in diameter placed between two pieces of glass (1" X 2”). 
The infested leaf was held in a flattened position in the 
washer which contained a portion of paper towel to 
absorb the excess moisture. Two heavy duty paper 
clamps held the sections together. On alternate days, a 
new cotton leaf, infested with mite eggs and mites, was 
placed in cage. This procedure was repeated until the 
larva had molted twice. After the second molt, the larva 
was removed and confined in a cardboard pill box where 
it was fed turnip aphids. After pupation the insect was 
transferred to a closed lantern globe in which a high 
humidity was maintained. As the adults emerged, they 
were paired and placed in lantern globes containing por- 
tions of cellucotton. The top of the globe was closed with 
a pad of cheese cloth. Eggs were deposited in either the 
cellucotton or the cheese cloth. The adults also were fed 
daily on turnip aphids. 

Measurements of the eggs, head capsule, and body were 


1 Technical Contribution No. 2550, Texas Agricultural Experiment Station 
in cooperation with Entomology Research Branch, Agricultural Research 
Service, U. S. Department of Agriculture. Accepted for publication February 7, 
1957. 
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Table 1.—Summary of oviposition and life cycle of two species of Collops. College Station, Texas. 1954-55. 
= mes 


Ave. No. or stri 


Prrrop (Days) 


NUMBER OF Eaes Per bro 
SPECIES AND STAGE Recorps Maximum Minimum Average FEMALE ject 
C. balteatus api 
: Incubation period 223 10 6 7.6 pro 
Larvae molting 4 times ( 
First instar 13 9 5 6.6 real 
Second instar 13 9 6 6.6 des 
{ Third instar 13 1 7 9.3 ay 
4 Fourth instar 13 22 13 15.9 dev 
; Pre-pupa 13 3 3 3.0 tiol 
Pupa 13 8 6 7.2 gna 
Pre-oviposition period 16 28.9 
Oviposition period 16 63.0 
a Total days (egg to egg) 83.1 574 . 
allo 
Larvae molting 5 times pro 
First instar 75 12 5 7.0 bes 
. Second instar 75 13 5 7.5 
. Third instar 75 17 6 8.5 was 
° Fourth instar 75 22 7 11.8 1 
Fifth instar 75 40 12 19.7 tral 
Pre-pupa 75 5 3 3.2 hen 
: Pupa 75 9 5 7.0 
: Pre-oviposition period 16 28.9 the 
; Oviposition period 16 63.0 pro 
Total days oo to egg) 98.0 574 tips 
C. vittatus 
Incubation period 180 10 8 8.6 
Larvae molting 4 times 
First instar 18 10 5 6.7 
Second instar 18 8 4 6.3 
Third instar 18 18 6 8.6 
Fourth instar 18 29 10 16.1 
Pre-pupa 18 3 2 2.5 
Pupa 18 7 5 5.6 
Pre-oviposition period 16 7.0 
. Oviposition period 16 41.0 
Total days (egg to egg) 58.9 580 
Larvae molting 5 times 
: First instar 10 11 4 738 
Second instar 10 8 4 6.3 
Third instar 10 8 7 7.4 
Fourth instar 10 13 9 11.0 : 
Fifth instar 10 28 13 18.0 
Pre-pupa 10 3 2 2.3 
Pupa 10 7 5 6.1 : 
Pre-oviposition period 16 7.0 
Oviposition period 16 41.0 NS 
12.2 580 | 


Total days (egg to egg) 


recorded. Drawings of several stages of balteatus were 
made for identification purposes. Durations of the larval 


Table 2.—Summary of the egg measurements of two spe- 
cies of Collops (in mm.). 


and pupal stages were noted. ei 
A hygrothermograph was used to record the tempera- oun oF Lenora Wivts AVERAGE A 
ture and relative humidity of the rearing room. During ReEc- 


the laboratory study the maximum average temperature 
was 85.9° F. and the minimum was 78.3° F. The average 
maximum relative humidity was 65.7% and the minimum 
44.7%. 

Resutts.—Collops balteatus.—The eggs of  field- 
collected adults of balteatus hatched in about 8 days 
(table 1). Twenty-three eggs selected at random averaged 
0.96 mm. in length and 0.30 mm. in width (table 2). 
They were deposited in groups of 5 to 60 in no apparent 
order or arrangement. The eggs are dark yellow, elongate 
and slightly elliptical with the ends bluntly rounded. The 
chorion is of a glossy texture. 

A general description of a fourth instar larva of 


SPECIES ORDS Max. Min. Max. Min. Length Width 


0.96 0.304 
0.85 0.26 


0.34 0.26 
0.30 0.26 


1.10 0.86 
1.00 0.76 


balteatus 23 
vittatus 22 


balteatus may be summarized as follows: head large, 
nearly as wide as thorax, depressed, prognathous, square 
in outline dorsally, dark brown; body subcylindrical, 
slightly depressed, orthosomatic, tapering gradually to 
posterior extremity; short to long setae numerous on 

parts of the body; thorax reddish-brown, prothorax with 
two median dorsal brown to black parallel stripes, pro-; 


Fis, 
(B) 


Au 
4 
| 
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meso-, and metathorax marked dorsally with dark brown 
stripes on lateral edges of the segments; abdomen reddish- 
brown; Segment nine of abdomen with two caudo-pro- 
jecting. strongly sclerotized, dark brown urogomphi with 
apices projecting dorsad, each armed with several 
prominent spines (figure 1, A and B, figure 2, A). 

Out of 88 newly hatched larvae of balteatus that were 
reared to adults, 13 molted four times and required 44.6 
days while 75 molted five times and required 61.5 days for 
development (table 1). As they neared the time of pupa- 
tion, the larvae became very restless and attempted to 
gaw their way to freedom. When placed in moist sand 
or soil, the insects would immediately burrow into the 
material where they pupated. When the pupae were 
allowed to remain in the pill boxes in dry room air, ap- 
proximately 80% mortality occurred, but when these 
boxes were held in a lantern globe where a high humidity 
was maintained, little mortality occurred. 

The newly formed pupae are light orange. As the 
transformation to adult proceeds, this color gradually 
becomes orange-red. About 2 days prior to emergence, 
the wing pads become black. The cast skins with the 
prominent urogomphi frequently remain attached to the 
tips of the abdomens of the newly formed pupae (figure 
2, B). The pupal period averaged about 7 days (table 1). 


‘ 


Fig, 1.—(Greatly enlarged) (A) First instar larva of C. balteatus, 
(B) Second instar larva of C. balteatus. Drawn by John M. 
Breazeale. 
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Fic. 2.—(A) (Greatly enlarged) Urogomphi of a fourth instar 
larva of C. balteatus as seen from the side at a slight angle. (B) 
(Enlarged) Pupa of C. balteatus. Drawn by John M. Breazeale. 


Sixteen females of balteatus laid an average of 574 eggs 
during an oviposition period of about 63 days. The 
average number of eggs deposited ranged from 102 to 
1,688 (table 1). 

The caged adults did not feed extensively on the aphids 
provided during the first 2-week period, and sexual attrac- 
tion usually did not develop for a period of at least 7 days. 

Since the newly hatched larvae are very small, it was 
necessary to select a food suitable for the small preda- 
tors. The eggs and nymphs of spider mites were the only 
food found acceptable to the small larvae, although later 
studies indicated that balteatus is not a predator of the 
mites under natural conditions. Turnip aphids were used 
as food instead of the spider mite eggs and small mites 
for the third, fourth, and fifth instar larvae. All data 
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recorded on the larval development were obtained from 
larvae fed on this diet. 

Many species of insects were submitted to the larvae 
for food. In general, they fed on all pupae, insect eggs, 
and freshly killed adult insects. The pupae of the boll 
weevil (Anthonomus grandis Boh.) and the pink bollworm 
(Pectinophora gossypiella (Saund.)), dead Jeaf beetles, 
lady beetles, moths, and grasshoppers, and the eggs of 
lady beetles all were readily eaten by balteatus. 

The larvae of the pink bollworm and boll weevil were 
confined with the developing Collops. After an initial 
feeding attack, which would consist of the beetle larvae 
gnawing a hole in the body wall of the prey, the Collops 
would withdraw. This behavior was also exhibited when 
other larvae were submitted to the beetle larvae. 

Adults would readily devour cotton aphids, turnip 
aphids, and spotted alfalfa aphids, Pterocallidium sp., as 
well as the eggs of the bollworm and brown cotton leaf- 
worm, Acontia dacia Druce. Adult balteatus exhibited 
marked scavenger habits. They were found to eat any 
dead lady beetle or any species of Collops placed in the 
lantern globes. When either of the paired beetles died in 
the oviposition jars, the remaining insect would at once 
devour its mate. Other dead insects such as moths and 
grasshoppers were partially eaten by the beetles. 

Since the rearing of balteatus was conducted at room 
temperature, it is difficult to determine accurately the 
number of generations per year. However, if both the 
laboratory work and field observations are considered, 
it would appear that there are about three to four genera- 
tions per year. 

Collops vittatus.—Eggs of this species are similar in 
shape to those of balteatus but can be distinguished by 
their pale yellow color and smaller size. Twenty-two eggs 
averaged 0.85 mm. in length and 0.26 mm. in width 
(table 2). They hatched in about 9 days (table 1). 

The newly hatched larvae of vittatus may be readily 
separated from newly hatched balteatus larvae by head 
capsule measurements and by color (table 3). However, 
after two molts, color is of no value in differentiating the 
developing larvae. The thorax of a first instar balteatus 
is orange and the abdomen is dark orange or nearly red. 
Each lateral margin of the pronotum is marked with a 
stripe. The urogomphi are dark brown with prominent 
internal teeth. The thorax and abdomen of vittatus are 
pale yellow and the stripes on the lateral edges of the 
pronotum are lacking. The internal teeth of the uro- 


Table 3.—Summary of the larval measurements of two 
species of Collops (in mm.). 


Heap CapsuLe Winta 
Min. 


NUMBER Bopy Lenatu 
OF 


Recorps 


SpPEcIEs Ave. 
balteatus 

First instar 

Second instar 

Third instar 

Fourth instar 

Fifth instar 


vittatus 

First instar 
Second instar 
Third instar 
Fourth instar 
Fifth instar® 


® Measurements not recorded for fifth instar. 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 50, No, 5 


gomphi are minute or absent (figure 1, A). The genera] 
description of fourth instar larvae of balteatus supplies 
the essential details of the species, vittatus. 

Twenty-eight larvae of vittatus were reared to adults 
and handled in the manner described for balteatus. Of the 
28, 18 molted four times, requiring 43.3 days from larvae 
to adults, and the remaining 10 larvae molted five times 
and required a period of 56.6 days to attain the adult 
stage (table 1). Another group of 30 larvae was fed large 
portions of Protoparce moths and May beetles instead of 
turnip aphids during the third, fourth, and fifth instars, 
On this diet, they reached the adult stage in about 59 
days. 

The newly transformed pupae are light orange. The 
same color changes observed in the pupae of balteatus 
occurred also in vittatus. The average pupal period was 
about 6 days (table 1). 

Oviposition records were obtained on 16 females of 
vittatus. The average preoviposition period was 7 days and 
the oviposition period was 41 days. The number of eggs 
laid per female averaged 580. The number of eggs de- 
posited ranged from 72 to 1,116 (table 1). Sexual attrac. 
tion developed immediately after pairing in vittatus, and 
the antennal embrace, as described by McAtee, was ob- 
served within a few hours after the beetles were confined 
in the lantern globes. This nuptial act would take place 
a few hours prior to copulation. The adults fed immedi- 
ately on the aphids provided. This difference in the 
sexual responsiveness of the two species of beetles was 
reflected in the preoviposition period; 7 days for vittatus 
and 29 for balteatus. 

The trait of dual feeding, as scavengers and as preda- 
tors, was observed in the larvae and adults of vittatus. The 
same insects were given to vittatus as were submitted to 
balteatus. The feeding habits of the two species were very 
similar. In addition, the larvae of first and second instar 
brown cotton leafworms were given to adults of vittatus. 
The beetles readily devoured the caterpillars. 

Any determination of the number of generations per 
year has to be made from the laboratory work which 
was conducted at room temperature and from field ob- 
servations. Considering these, it would appear that 
vittatus could complete about five to six generations per 
year. 

Fietp Oxsservations.—Adults of both species of 
Collops were active throughout the year with the popula- 
tion of vittatus outnumbering by many times that of 
balteatus. Collops vittatus was very abundant on seedling 
cotton in several fields in 1955. The greatest numbers of 
the two species occurred in late September and early 
October. After a period of scarcity in winter and early 
spring, the insects became more numerous and continued 
to increase until the peak was reached again in the fall. 

Both species oviposited throughout the year even dur- 
ing warm spells in the winter months. The beetles selected 
oviposition sites in such locations as hollow grass stems, 
cotton burs, and partially decayed cotton stalks. The eggs 
were always hidden in dead plant material which was on 
the soil floor. ‘ 

Collops larvae were almost always found on the soil 
surface in association with grass straw, cotton debris, oF 
other plant material. No larvae were seen to crawl about 
on any leafy surface of a plant. Frequently hollow grass 
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straws were torn apart to reveal the presence of Collops. 
In several instances, the insects were observed in cotton 
squares that had fallen to the ground after being punc- 
tured by boll weevils. The laboratory observations indi- 
cated that the larvae probably pupated in the soil or at 
least in trash on the soil. However, no pupae were dis- 
covered in the field. 

The adults of balteatus and vittatus were observed to 
feed on the cotton, turnip, and. spotted alfalfa aphids. 
The beetles were also observed consuming the remains 
of cotton leafworms and cotton bollworms which had 
been attacked by wasps. Because of the obscured environ- 
ment of the larvae, it was very difficult to observe any 
details regarding their feeding habits. 

A consideration of this biological study indicates that 
balteatus and vittatus are of greatest importance to man 
as beneficial insects during the fall season when the 
adults reach their greatest population. During the fall 
season, in alfalfa fields infested with the spotted alfalfa 
aphid, the Collops were observed in large numbers often 
approaching or equalling the population of adult lady 
beetles present in the same fields. The fact that the larvae 
feed strictly on the soil floor and remain active through- 
out the winter months makes it possible for them to be 
predators of a large number of destructive insects. The 
presence of the larvae in alfalfa fields and old cotton fields 
where crop residue remains thus would allow them 
association with the spotted alfalfa aphid and the pink 
bollworm. However, the extent of the larval feeding on 
these insects was not determined. 


Summary.—Laboratory studies were undertaken to 
investigate the biology of Collops balteatus and C. vittatus 
and to determine the status of these insects as predators. 
Field observations were made to supplement this study. 

In laboratory studies, the Jarvae and adults of both 
species were found to feed as both predator and scavenger 
on many species of insects. C. vittatus required a period 
of 59 to 72 days for completion of the life cycle and 
balteatus a period of 83 to 98 days. The larvae of both 
species molted either 4 or 5 times. Collops balteatus de- 
posited an average of 574 eggs per female and vittatus 
580 per female. 

Field observations indicated that vittatus was the most 
abundant. Both species of Collops reached the greatest 
population during the fall. The beetles oviposited in the 
field in every month of the year in dry plant material on 
the soil. The larvae developed in the same environment. 
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Identification of the Sulfone Plant Metabolite of the 
Thiono Isomer of Systox' 
T. R. Fuxvuto, J. P. Wor, m1, R. L. Mercaur, and R. B. Marcu, University of California Citrus Experiment Station, Riverside 


In part V of a series of papers on the mode of action of 
Systox,’ Fukuto et al. (1956) reported the identification of 
sulfoxide and sulfone from cotton plants treated with the 
thiol isomer O,O-diethyl S-2-ethylthioethy! phosphoro- 
thiolate by infrared analysis. Studies previous to this 
(Fukuto et al. 1955, March et al. 1955) had shown that 
the thiono isomer 0O,0-diethyl 0-2-ethylthioethyl 
phosphorothionate is initially metabolized in plants and 
animals to its sulfoxide, and that further metabolism to 
secondary products occurs. Although it was not possible 
to establish the structure of the secondary metabolites 
with complete certainty by the techniques used, the 
chromatographic patterns indicated that oxidation to the 
sulfone, or oxidative conversion of the thiono sulfur 
(>P=S) to the phosphate (> P==0O), had occurred. 

In the present paper we report the isolation of a sec- 
ondary metabolite from cotton plants treated with the 
thiono isomer of Systox, and its identification by infrared 
analysis. 

-Marerrats AnD Mertnops.—P® radiotracer of 0,0- 
diethy! O-ethyl-2-mercaptoethy] phosphorothionate was 
used in this investigation. Red phosphorus (4.0 gm. Baker 
and Adamson amorphous red powder) sealed in quartz 


ampoule was service-irradiated at Oak Ridge, Tennessee, for 
4 weeks. The calculated activity of the red phosphorus 
was approximately 250 millicuries per 4 grams. 

The P*-labeled O,O0-diethyl O-2-ethylthioethyl phos- 
phorothionate was prepared from the red phosphorus as 
described previously by Fukuto et al. (1956). 

The synthesis of O,0-diethyl O-2-ethylsulfonylethyl 
phosphorothionate (thiono-isomer sulfone) has been de- 
scribed by Fukuto et al. (1955). 

For the isolation and identification of the thiono- 
isomer metabolite from the cotton plant the bases of 
approximately 100 young cotton plants were treated with 
15\ (a total of about 1.6 gm.) of P*-labeled thiono- 
isomer. After 10 days the leaves were picked and the 
metabolite was iolated in the manner described previously 
by Fukuto et al. (1956) for the thiol-isomer metabolites. 


1 Paper No. 942, University of California Citrus Experiment Station, River- 
side, California. Accepted for publication January 15, 1957. 

2 Part VI of a series of papers on the mode of action of Systox. This work was 
supported in part by grants from the U. S. Atomic Energy Commission, Con- 
tract AT(11-1)34, Project 6, and from the Chemagro Corporation, New York, 
N.Y: 

3 Trade-mark, Chemagro Corporation, New York, N. Y. 
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THIONO ISOMER METABOLITE 
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Fic, 1.—The infrared spectra of the thiono-isomer metabolite and thiono-isomer sulfone. 


Briefly, the leaves were homogenized in water, the plant 
solids were removed by centrifugation, and the clear 
supernate was extracted with chloroform. The chloro- 
form solution containing the radioactive metabolite was 
then concentrated and added directly to a charcoal- 
celite column and eluted in the manner described pre- 
viously. 

As was found with the metabolites of the thiol isomer, 
the charcoal-celite column could not completely sepa- 
rate the thiono-isomer metabolite from plant material. 
The eluate fractions containing radioactivity also con- 
tained a substance which had a strong carbonyl absorp- 
tion band (1730 em.~'), and which interfered by absorb- 
ing in regions pertinent to the structure of the thiono- 
isomer sulfone. Also, it was not possible to remove this 
interfering substance by the method used successfully in 
isolating pure thiol-isomer metabolites, i.e., by extracting 
an aqueous phase containing plant material and radio- 
active metabolites, first with ether or benzene to remove 
plant substances, and then with chloroform to take up 
the metabolites. Various partition systems were tried, but 
in all cases the plant substances and metabolites parti- 
tioned into the same phase. 

A radioactive metabolite was isolated relatively free 
of plant material by the following procedure. The radio- 
active eluate fractions from the charcoal-celite column 
were combined, concentrated, and placed on an acid- 
aluminum-oxide (Woelm) column (10200 mm.). By 
eluting with a solvent consisting of 30 parts chloroform 


Fic. 2.—Radioautographs of lower half of propylene glycol 

chromatograms, showing metabolites of the thiono isomer after 

4 days in the lemon plant (right), after 4 days in the cotton 
plant (center), and isolated for infrared analysis (left). 
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and 70 parts Skelly Solve B (by volume) it was possible 
to isolate a sample which, after concentration, gave the 
infrared spectrum shown in figure 1. A large portion of 
the radioactivity, however, remained on the column, and 
it was not possible to remove this substance without 
bringing along plant contaminants, although various 
eluting solvents were used. 

The infrared spectra were determined in a Perkin- 
Elmer Model 21 self-recording spectrophotometer fitted 
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IDENTIFICATION OF THE SULFONE PLANT METABOLITE 
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about 15% of the total radioactivity. About 85% of the 
radioactivity could not be isolated pure enough for good 
infrared analysis. A chromatogram of this substance 
on propylene glycol paper gave an R; of 0.0, identical 
with one of the spots shown in figure 2. 

The identity of two of the metabolites of the thiono- 
isomer has now been established with certainty. The 
sequence of reactions responsible for their production in 
the plant may be depicted as shown below. 


O 


| (0) t 


with sodium-chloride optics, and carbon tetrachloride was 
used as the solvent. 

Discusston.—Previous work (Fukuto et al.’ 1955, 
March et al. 1955) established conclusively that the first 
step in the metabolism of the thiono isomer in plants and 
animals is its conversion to the sulfoxide O0,O0-diethy! O- 
2ethylsulfinylethyl phosphorothionate. Chromatograms 
on propylene-glycol paper of the metabolites from in vitro 
animal metabolism and after 1 and 2 days in the plant 
showed the predominance of the sulfoxide at Ry 0.29. 
After 8 days the sulfoxide peak could no longer be de- 
tected in the plant extract and only secondary metabolites 
at Ry 0.0 and 0.08 were found. 

The infrared spectrum of the metabolite eluted from 
the aluminum oxide column proves definitely that the 
thiono-isomer sulfone O,O-diethyl O-2-ethylsulfonyl- 
ethyl phosphorothionate is one of the secondary metabo- 
lites. The spectra of the metabolite and the synthetic 
thiono-isomer sulfone are shown in figure 1. Although the 
spectrum of the metabolite still shows the presence of 
plant contaminant, as evident by the absorption around 
1700 cm.,' the absorptions for the —SO,—(1320 and 
1140 em.) and P—O—C—(1050 cm.“') moieties are 
present in both spectra. This metabolite eluted from the 
aluminum-oxide column was also chromatographed on 
propylene-glycol paper using the same solvent system de- 
scribed in earlier work (Fukuto et al. 1955), and found to 
give an R; of 0.08, identical with one of the peaks found 
in earlier work. Figure 2 shows this chromatogram along 
with chromatograms taken of metabolites from a lemon 
plant and a cotton plant 4 days after treatment in which 
the three metabolites of the thiono isomer are clearly indi- 
cated. The top spot in the lemon plant chromatogram at 
R; 0.29 is the thiono-isomer sulfoxide, the second spot 
at R; 0.08 is the thiono-isomer sulfone, and the spot at R; 
0.0 is the third metabolite. The last two metabolites are 
also clearly indicated in the cotton plant chromatogram. 

Of the two secondary metabolites the thiono-isomer 
sulfone appears to be the minor one. A quantitative 
evaluation of the radioactivity derived from the cotton 
plants showed that the thiono-isomer sulfone comprised 
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Recent work on the plant metabolism of dithio- 
Systox O,0-diethyl S-2-ethylthioethyl phosphorodi- 
thioate (Metcalf et al. 1957) shows clearly that the P==S 
moiety in dithio-Systox sulfoxide is readily metabolized 
in plants to P=O at a rate comparable to the conver- 
sion of —SO— to the —SO,— moiety. In view of these 
findings, it is likely that the PS moiety of the thiono- 
isomer sulfoxide is also metabolized to P==O to the 
corresponding phosphate sulfoxide diethyl 2-ethyl- 
sulfinylethyl phosphate. This compound has _ been 
shown to have an R; of 0.0 on propylene-glycol paper 
(Fukuto et al. 1955). Similar considerations also apply to 
the thiono-isomer sulfone. The fact that the thiono-isomer 
sulfoxide exists in the plant for only a few days supports 
the hypothesis that there are two pathways by which it is 
metabolized further. In direct comparison, the thiol- 
isomer sulfoxide can be metabolized only by oxidation 
of the —SO— to the —SO,.— moiety; hence it would be ex- 
pected, and has been found, to exist for a much longer 
period in the plant (Fukuto et al. 1956). 

SumMary.—A secondary metabolite of the thiono 
isomer of Systox from the cotton plant 10 days after 
application was isolated by column chromatography. The 
infrared spectrum of this metabolite proved its structure 
to be identical with 0,0-diethyl O-2-ethylsulfonylethy! 
phosphorothionate (thiono-isomer sulfone). 
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The Effects of Spray Chemicals on Local Dispersal of Woolly Apple Aphid 


Haroup F. Mapsen and Stantey C, Hoyt, University of California, Berkeley 


Control of the woolly apple aphid, Eriosoma lanigerum 
(Hausm.), is complicated by the continuous dispersal of 
aphids from the roots to the aerial portions of the tree, and 
a corresponding dispersal in the opposite direction. On 
most apple varieties the principal damage caused by the 
aphids is the loss of tree vigor and the production of 
honeydew which drips on the fruit. The presence of 
honeydew and the black fungus which grows in the 
honeydew causes the apples to be downgraded. 

On the Yellow Newtown Pippin variety, however, an 
additional problem is created by the presence of woolly 
apple aphids in the cores of the mature apple. Since this 
variety is utilized in California by the canning industry, 
the presence of aphid-infested cores creates a problem 
for the canner. Although the apples are cored before 
processing into applesauce, it is not always possible to 
remove the core in its entirety, and the presence of aphid 
parts in the finished product may exceed the allowable 
tolerance. It was not known if the infested core problem 
was due to a high population of aphids in the tree or to a 
local dispersal resulting from only a few colonies. It has 
been generally considered, however, that additional con- 
trol measures are needed when the core aphid problem 
exists, as it may be possible to hold the aphids below 
economic levels as reflected by tree damage, and yet have 
too many core aphids by cannery standards. In order to 
study the effect of spray chemicals on the dispersal of 
aphids within the tree, and to determine the best method 
of preventing core aphids, a series of plots were established 
in 1955 and continued through 1956. 

The problem of aphids within the core of apples has 
been recognized by other workers. Hewitt (1913) re- 
ported that core aphids were found in Dublin from Cali- 
fornia Newtown Pippin apples. Essig (1942) discussed 
the high insect parts count in apple juice from Yellow 
Newtown Pippin apples which were infested with woolly 
apple aphid. Madsen et al. (1954) pointed out the 
difficulties core aphids were causing to the canning in- 
dustry. Studies have also been made on the rapidity of 
infestation by the root forms which move up the trunks 
of the trees. Gambrell & Young (1950) stated that 38% of 
a young apple block planted in the spring were infested 
by June of the same year. 

MATERIALS AND Metuops.—In order to study aphid 
movements on individual apple trees, it was necessary to 
devise a means of trapping the aphids. Since the upward 
and downward dispersal of aphids is restricted mostly to 
first instar nymphs, it was necessary to use a means of 
trapping which would not allow too many aphids to 
escape because of their small size. Trapping was ac- 
complished by the use of aluminum foi) bands 2 inches in 
width which were wrapped around the trunks of the trees. 
The nature of the aluminum foil is such that it can be 
affixed close to the trunk. In spots where irregularities 
were present, the bark was scraped, and a thin band of 
cotton was wrapped around the trunk. The aluminum 
foil bands were then coated with a narrow band of dead- 
line, which served to trap the aphids (fig. 1). The aphids 
moving upward were caught on the lower edge of the 


sticky material, and those moving down the tree were 
caught along the upper edge of the deadline. Bands were 
changed weekly, and it was possible to differentiate be. 
tween upward and downward movement without 
difficulty. 

After the foil bands were removed from the trees, the 
sticky surfaces of the bands were covered with Saran 
wrap, a clear plastic wrapping material. This facilitated 
the handling of the bands, and it was possible to observe 
the trapped aphids through the clear plastic covering, 
The apids were counted in the laboratory with the aid 
of a binocular microscope, and the weekly upward and 
downward movements recorded. Since the total move. 
ment was so high, the data were expressed as the average 
number of aphids per inch of band. 

1955 PLots.—The 1955 experimental plots were estab- 
lished in a young Newtown Pippin apple orchard located 
near Watsonville, Calif. The trees showed evidence of 
aphid attack in previous seasons, both by the presence 
of overwintering colonies and by numerous bumps and 
swellings on the limbs and twigs resulting from aphid 
feeding. 

The randomized plots consisted of single trees, with 
eight replications for each material. 

It was decided to start the applications at the petal-fall 
period and to apply sprays at monthly intervals there- 
after. Materials chosen for the test were Am. Cyanamid 
12008, Thimet, Guthion, Diazinon, Trithion, and 
Ryania. The chemicals were applied with conventional 
ground equipment and orchard guns, at the rate of about 
350 gallons per acre, which was sufficient for the small 
trees. 


1 Accepted for publication February 5, 1957. 


Fig. 1.—Aluminum foil band on trunk of apple tree. 
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, Weekly records were kept of aphid movements by the DOWNWARD MOVEMENTS-WOOLY APPLE APHID 
hid! method previously described, and the seasonal upward F PLOTS- WATSONVILLE 1955 
and downward movements are shown in charts 1 and 2. aeniiiiad 
Two trees out of eight replicates were banded for each ae 
treatment. 50. 
were Chart 1 on the upward movements shows a reduction in “ 
; Were all spray plots as compared with the check. Ryania, al- onal 
te be. though reducing the upward dispersal below that of the ; 
thout check, did not compare with the other materials. Am. en 
Cyanamid 12008 and Thimet almost completely stopped x 
8, the the upward dispersal, but it is not known if this was due doe 
Saran toa systemic action in the root zone or to a bark absorp- ry se 
itated tion of the materials. Trithion, Diazinon, and Guthion a 
Serve also kept the aphid movements at a low level, but were z ‘ 
ering. not so outstanding as the two systemics mentioned. bs < 
le aid Chart 2 on the downward movement shows somewhat 
1 and the same picture. The downward movement reflects the 
nove- aphid population in the aerial portion of the tree, and a paren - A A 
erage therefore can be used as a measure of the degree of con- l conan ae A i 
trol obtained by the materials. Ryania again failed to o1azines / 
sstab- give adequate control although it reduced the downward = y) i { \ 14 
cated movement below that of the check. Am. Cyanamid 2 ‘ “ | | \ ! 
ce of 12009, Thimet, and Diazinon reduced the movement to 1 
sence very low numbers as was the case with the upward = ya 1 / V 1 
and dispersal. Trithion was also effective and provided good ge / 
aphid reduction in aphid movements. Guthion gave rather A ¥ 
puzzling results; although it was one of the poorer mate- — I \ 
with rials in reducing the downward movements, it was very ¢ ‘ 
effective in preventing upward dispersal of the aphids. 5: \ 
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and oe Cuart 2.—Downward movement of woolly apple aphid, 1955. 
‘onal 
rte va =o— tama At harvest, a final count was made by observing the 
I] number of active colonies on four limbs in each tree. 
sma: 50! 
The counts are expressed as an average number of 
7) colonies per limb. In addition to the colony counts, 100 
240 
Z| apples were selected at random from each plot, cut open, 
“gal and the percentage of infested cores was recorded. Green : 
z 30) apple aphid was also present in the plots, and the number 
225, of apples with honeydew were recorded from the 100 apples 
20 selected for the core examinations. The percentage of 
gS) apples with honeydew is a good measure of the degree 
£10, of green apple aphid infestation during the season. 
<5 seinill Oude The materials used, dosages, dates of application and 
ola harvest counts are summarized in table 1. The harvest 
data show the same pattern that was present in the rec- 
a clea ords of aphid dispersal. It seems evident from these data 
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that the infested core problem is directly connected with 
the infestation present in the tree. If the downward 


24 dispersal of aphids was high, with a correspondingly 
35 higher number of colonies in the tree, the percentage of 
5 3) / infested cores was also increased. 
Sos ! One point which has a direct bearing on the infested 
“4 J core problem is the number of apples with open calyx 
a f ~— h ends. At harvest, it was determined that 51% of the 
e IN 7 2" apples had open calyx ends. There were numerous apples 
a 4 fe  % with colonies present in both calyx and stem ends which 
Re V could not enter the core because of a closed calyx. The 
2 10 2230 8 4 26 3 10 8 24H 7 142 factors which influence the presence or absence of open 
JUNE JULY AUGUST SEPT. 


BAND COUNT DATES calyx ends in this apple variety have not been determined, 
but this could have a marked influence on the infested 
Cuart 1.—Upward movement of woolly apple aphid, 1955. core problem. 
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Table 1.—Summary of 1955 woolly apple aphid plots, 
Watsonville, California. 


Harvest Counts 


Average Percent- 
No. age 
Aphid Percent- Apples 
Colonies —_ age with 
DosaGE PER per Infested Honey- 
100GatLons Limb Cores dew 
Ryania W.P. 
Am. Cyanamid 
12008 Emul. 
Thimet Emul. 
Trithion Emul. 
Guthion W.P. 
Diazinon Emul. 
Check 


6 Ibs. 100% 2.7 


1 quart 42% 
1 quart 42% 
1 pint 50% 

1 pound 50% 
1 quart 25% 


® Dates of Application: April 19, May 26, June 23, July 27. 


1956 PLors.—In the 1956 season, studies were con- 
tinued on the effects of spray chemicals on the local aphid 
movements and the effectiveness of the materials in 
preventing infested cores. The plots were set up in the 
same orchard used in the 1955 season, but the same trees 
were not utilized. Thimet and Diazinon, both very 
promising in the 1955 plots, were used again; and to 
evaluate their longevity, they were tested at both 4-week 
and 8-week spray intervals. Trithion was also included, 
but was sprayed at a 4-week interval only, as the material 


UPWARD MOVEMENTS- WOOLY APPLE APHID PLOTS 
WATSONVILLE (956 


———*MAL ATHION (MAY, JUNE. JULY) 
— —sMALATHION (MAY, JUNE, AUGUST) 
——O—=MALATHION MAY, JUNE, SEPTEMBER? 


= THIME T (4 WEEK) 
—=THIMET (8 WEEK) 
(4 WEEK) 


—O—<DZINON (8 WEEK) 
— TRITHION 


APHIDS PER INCH OF BAND 


MAY 2 JUNE7T JULYS AUG 2 PT! 
pATES SE’ SEPT 27 


Cuart 3.—Upward movements of woolly apple aphid, 1956. 
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did not seem to possess so long a residual action as the 
other materials mentioned. In order to obtain information 
on the periods during the season when woolly aphid 
control is most critical, series of plots were estallished 
with malathion being used at various spray intervals, 
One plot was treated in May, June, and July, with no 
further treatments; a second in May, June, and August, 
eliminating the July spray; and a third in May, June, 
and September, leaving the trees untreated during the 
months of July and August. 

As in 1955, single tree plots were used, with eight 
replications, and the applications were made in the same 
manner as described above. Records were kept of the up. 
ward and downward dispersal of aphids by use of the 
aluminum foil ‘bands discussed previously; but a differ. 
ent method of expressing the data was used in these 
charts. The weekly aphid movements were totaled be. 
tween the spray periods so that the chart shows the tota! 
movement which occurred between one treatment and 
the following treatments, which were spaced either 4 or § 
weeks apart. The seasonal movements are shown in 
charts 3 and 4. 

The chart on upward movement shows that both 
Diazinon and Thimet kept the aphid dispersal at a low 
level in both the 4 and 8-week spray intervals, except 
for the month of May in the case of the 8-week Diazinon 
and the month of June in the case of the 8-week Thimet 
treatments. Trithion also performed satisfactorily, but 
did have heavier aphid movements even though the 

DOWNWARD MOVEMENTS - WOOLY APPLE APHID PLOTS 
WATSONVILLE 1956 


—®—<MALATHION MAY, JUNE, SEP TEMBER) 
CHECK 


= THIMET (4 WEEK) 
= THIMET (8 WEEK) 

DIAZINON (4 WEEK) 
= DIAZINON (8 WEEK) 
TRITHION 


MAY JUNE 7 JULYS AUG. 2 T.27 
SPRAY DATES 


Cuart 4,—Downward movements of woolly apple aphid, 1956. 
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as the Table 2.—Summary of 1956 woolly apple aphid plots," Watsonville, California. 
mati — 
aphid MatTERIAL 
blished Thimet Diazinon Trithion Malathion 
eTvals, 
vith no Dosage per 100 Gallons 
i 5; 1 Qt. 48% 2 Lbs. 25% 1 Pt. 50% 1 Pt. 57% 
dune, Emulsion Jettable Emulsion Emulsion 
ng the — 
Application Dates: 

eight 
e same July 
the up- Aug. 

of the Sept. 

differ- . 

th Average No. Aphid Colonies 
per Limb 
ed be- 
e tota! Percentage core infestations 
nt and 
4 or8 
wn in 5- 10% 

10- 50% 

both 50-100% 

a low ® Counts made on September 27. 
except 
ines material was applied every 4 weeks. Malathion, sprayed those with 5-10%; 10-50%; and 50-100%. Although no 
: 7 in May, June, and July, did not reduce the upward move- tolerance has been set for this condition, it is believed 
de ments until after the third treatment in July, and the that those with over 10% honeydew would not be suit- 


fh the movements again built up in August and September. The able for fresh shipment unless the honeydew could be 
plot treated with malathion in May, June, and September removed. The materials used, dates of application, and 


did not show any reduction in movements that could be harvest counts are summarized in table 2. 
attributed to the treatments. The aphids continued to Thimet and Diazinon at both 4- and 8-week spray in- 
move up during May and June, dropped off in July when _ tervals, and Trithion at 4-week intervals had no colonies 
no spray was applied, and continued to build up after the | and were completely free of infested cores. It is interesting 
August treatment. The May, June, and September spray _ to note, however, that Thimet at the 8-week interval was 
plot showed the same general pattern, with no reduction also free of aphid honeydew, while the 8-week Diazinon 
in movement following the May and June sprays and a_ showed considerable honeydew. Apparently Thimet 
drop in numbers during August. It is probable that the possesses a long residual action against both woolly and 
fluctuations in movement were due to factors other than — green apple aphids. 
the spray treatments. The malathion plots indicated that a considerable 
The chart on downward movements which reflect the period of woolly apple aphid build-up is necessary before 
aphid populations above ground demonstrates the rela- infested cores become a problem. The only plot which 
tive effectiveness of the several materials used. Thimet showed an economic level of core infestation was the one 
and Diazinon at 4-week spray intervals showed practically treated in May, June, and July. The plot sprayed in May, 
negligible aphid movements. The same materials at 8- June, and August gave the best reduction in both woolly 
week spray intervals allowed some build-up of aphids apple aphid and green apple aphid. The downward move- 
between applications, but the populations were not of | ment in this plot showed considerable build-up during 
economic significance. Trithion, although giving satis- September, but apparently more than this period of 
factory results, showed higher downward movements _ activity is needed to bring about a core infestation. 
than either of the above materials. During the season, apples were cut at monthly intervals 
The malathion plots with varying times of application — in order to determine the percentage of open calyx ends. 
all showed the same general pattern. The downward In the early season, the percentage varied from 23 to 
movement built up rather rapidly within a month after 27%, but in mid-July the open calyx percentage jumped 
treatment, indicating that the residual effect of this to 50%, and did not vary much from this figure through 
material is weak against the woolly apple aphid. harvest. This again indicates that the critical period for 
_ In order to double-check the population pattern as — control of aphid infested cores is in late season, as a higher 
indicated by the bands, a count was made at harvest of | percentage of open calyx apples are present; and in 
colonies per limb and the percentage of infested cores. As addition, woolly apple aphid populations reach a high 
green apple aphid was also present, an evaluation was _ level during the same period. It is evident, however, that 
made of the amount of honeydew and black fungus the infested core problem is directly related to aphid 
present on the fruit. This was done by rating the apples populations and that proper timing of spray treatments 
on the amount of honeydew present in the following — will prevent excessive core infestations at harvest. 
categories: those with 0.5% of the surface with honeydew; Summary.—In order to study the effects of spray 
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chemicals on the upward and downward dispersal of 
woolly apple aphids and to determine the ability of these 
materials to reduce the problem of aphids within the 
core of apples at harvest, series of plots were established 
during 1955 and 1956. Records of aphid dispersal were 
taken by the use of aluminum foil trunk bands treated 
with a layer of deadline to trap the upward and downward 
moving aphids. 

The 1955 plots showed that Am. Cyanamid 12008, 
Thimet, and Diazinon reduced the aphid movements to a 
very low level and prevented core infestations. Trithion 
and Guthion were also effective, but Ryania did not pro- 
vide commercial control. 

In the 1956 plots, Thimet and Diazinon were sprayed at 
4- and 8-week treatment intervals. The materials kept 
aphid movements at low levels in both cases. Trithion 
also provided satisfactory control when sprayed at 4- 
week intervals. Malathion plots were included with 
different application times, and in the 1956 season the 
August spray was shown to be the critical period for ob- 
taining control and preventing core infestation at harvest. 


Vol. 50, No. 5 


The infested core problem was demonstrated to be 
closely associated with high populations, and there was no 
evidence that aphids moved into the cores when low 
populations were present. 

Those materials which not only controlled aphids in the 
aerial portions of the tree, but also prevented upward 
movement, are capable of providing better long-time 
control than other materials which are limited to high 
initial kill with little residual effect. 
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The Intensity of Synergism of Some Methylenedioxyphenyl Acetals 
with Pyrethrins or Allethrin in House Fly Sprays! 


W. A. Gersporrr, P. G. Piquvert, and Morton Beroza, Entomology Research Division, Agric. Res. Serv., U.S.D.A. 


In preliminary estimations of the comparative value of 
63 synthetic 3,4-methylenedioxyphenoxy compounds as 
synergists with either pyrethrins or allethrin by the turn- 
table method (Gersdorff et al. 1956), 43 compounds were 
demonstrated to be synergistic with each insecticide. The 
intensity of the effect was so high for 18 compounds that 
further work was recommended with them. Of this group 
five acetals were selected for precise comparison in mix- 
tures with each insecticide and a sixth was included in the 
study with the allethrin mixtures. 

MareriAts.—The five compounds were 2-(2-n-butox- 
yethoxy)ethyl 3,4-methylenedioxypheny] acetal of acet- 
aldehyde and the corresponding ethoxyethoxyethyl, 
butoxyethyl, methoxyethyl, and chloroethy! derivatives; 
the sixth compound was the corresponding ethyl deriva- 
tive. Purified samples were used. They will be referred 
to by the distinguishing feature in their names, as, for 
example the methoxyethyl derivative. The preparation 
and description of these compounds have been reported 
(Beroza 1956). 

For those readers interested in comparing the com- 
pounds with commercial synergists by means of mortal- 
ities caused by sprays of the same concentration, purified 
samples of sulfoxide and piperonyl butoxide were selected 
for such comparison with three of the acetals. The sample 
of pyrethrins, a newly acquired standard material with 
pyrethrin I and cinerin I comprising 54% of the total 
pyrethrins as determined by the mercury-reduction meth- 
od, was handled in the same way as the sample used in 
the preliminary work and compared with it as well as with 
two samples of allethrin for insecticidal stability. The 
sample of allethrin was the same as was used in the pre- 
liminary work; it was of 94% purity as determined by 
the hydrogenolysis method. 


Sprays of the two insecticides, alone and mixed with 
the synergists, were prepared in refined kerosene at con- 
centrations selected according to preliminary tests. The 
mixed sprays were prepared only in the proportion of 10 
parts of synergist to 1 part of insecticide. 

Mertuops.—Knockdown and mortality of adult house 
flies, Musca domestica L., of the National Association of 
Insecticide and Disinfectant Manufacturers 1948 strain 
were determined in replicated tests by the Campbell turn- 
table method. Because of the large number of sprays, the 
tests were made in three series, a series comprising all 
tests on a group of six populations of flies. All sprays ina 
series were tested simultaneously on each population in 
the group. Approximately 110 flies averaging 2} days in 
age were used in each test in the two pyrethrins series and 
100 in the allethrin series. 

To evaluate relative toxicity and determine the preci- 
sion of the estimates, the mortality data in table 2 were 
subjected to probit analysis as described by Finney 
(1952). 

Knockpown AND Mortauity.—The knockdown and 
mortality data are summarized in tables 1 and 2. Since 
the synergists alone caused no mortality by this method 
at the concentration of 1 gram per deciliter (Gersdorf 
et al. 1956), a possible contribution to the expected toxic- 
ity of the mixtures in table 2 would be negligible and so1s 
ignored. Concentrations expressed as insecticide equiva- 
lents, therefore, are not needed. 

PARALLELISM OF REGRESSION Lines AND 
HeteroGene!ty Factors.—From provisional regression 
lines fitted graphically to the data in table 2, it appeared 
that in each series the data for the mixtures could be 


1 Accepted for publication February 5, 1957. 


Bu 


But 


Me 


Chi 


Nor 


| 
Et 
i Bu 
Bu 
Su 
Pi 
Ne 
by 
sy 
all 
= Et 
-&g 
t 


August 1957 


Table 1.—Mortality and knockdown of house flies caused 
by similar oil sprays containing pyrethrins and 10 times as 
much sulfoxide, piperonyl butoxide, or a selected acetal.* 


CONCENTRA- Per Cent 
TION OF 
MarertaAL AppED PyretHrins Knockdown 
ro Pyreturins (MG. per Dt.) in 25 Minutes 
Ethoxyethoxyethyl 20 100 
derivative 10 99.6 


Mortality 
in 1 Day 


Butoxyethoxyethyl 20 100 
derivative 10 99.4 


Butoxyethyl 20 100 
derivative 10 97.4 


Sulfoxide 20 100 
10 99.8 


20 100 


Piperony! butoxide 
10 98.7 


CO 
om 


None 


759 
506 
338 
225 
150 


100 
100 
100 
100 
100 


Se EES 


* Six replicates. 
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Table 2.—Continued 


ACETAL 
DERIVATIVE 


CONCENTRA- 
TION OF 


InsecticiwE Knockdown 


Per Cent 


Mortality 


(Ma. rer Dt.) in 25 Minutes in 1 Day 


Series 2—Allethrin Miztures 


Ethoxyethoxyethyl 


Butoxyethoxyethyl 


Butoxyethyl 


Methoxyethyl 


Chloroethyl 


30.0 
18.0 


ic 


100° 
96.5 
85.4 
88.4 


SESS oFES a 


Table 2.—Mortality and knockdown of house flies caused 
by kerosene sprays selected to measure the intensity of 
— of certain acetals in mixtures with pyrethrins or 

ethrin.* 


CONCENTRA- Per Cent 
TION OF 


INsectTIcIDE Knockdown 


ACETAL Mortality 


DERIVATIVE 


(Ma. per Dt.) in 25 Minutes 


in 1 Day 


Series 1—Pyrethrins Mixtures 


Ethoxyethoxyethyl 1 


Butoxyethoxyethyl 


Butoxyethyl 


Methoxyethy] 


Chloroethy! 


3.0 

7.78 
4.67 
2.80 


ww 


100 
99.8 
99.2 
89.1 


100 
99. 
99. 
86. 
76. 


100 
99. 
99. 
91. 
74. 


100 

100 
99. 
97. 


100 

100 
99. 
99. 


100 
100 
100 
100 
100 
100 
100 


was 


0 
asas 


Sess 
2OSS 


RES 


S 


“ 


* Each mixture contains 10 times as much synergist as insecticide. Six repli- 
cates. 


represented by parallel lines. Therefore, equations were 
estimated for such lines and expected probits computed 
from them. The statistical procedure was then followed 
and individual regression equations obtained for all 
materials. The slopesof these lines differed little from those 
of the graphically fitted ones, being, in the order in which 
the materials appear in table 2, 4.97+0.15, 4.55 +0.49, 
5.11+0.44, 4.70+0.15, 3.72+0.55, 2.90 + 0.08 in series 1, 
and 5.50+0.68, 5.36+0.49, 542+0.18, 5.89+0.53, 
5.36 + 0.18, 4.82 + 1.03, 3.75 +0.34 in series 2. Since these 
errors support the hypothesis of parallelism, the general- 
izing procedure was followed for the mixtures in each 
series. The subsequent analysis of chi-squares gave no 
evidence of conflict with the hypothesis that the lines 
in each group were parallel. However, in the calculation 
of variances, factors were required to allow for hetero- 
geneity between populations of flies; they were 9.427 for 
the pyrethrins mixtures and 10.970 for the allethrin mix- 
tures. A factor, 10.653, was required for allethrin alone, 
but none for pyrethrins alone. 

Evavuation or Reuative Toxicity AND INTENSITY 
or SynerGisM.—The final equations showing the regres- 
sion of mortality, expressed in probits, on concentration 
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in milligrams per deciliter, expressed as logarithms, are 
given below. Those for the mixtures are based on the 
expression of concentration in terms of the insecticide. 
Standard errors of the regression coefficients are 0.078 for 
pyrethrins alone, 0.194 for its mixtures, 0.341 for allethrin 
alone, and 0.241 for its mixtures. 


Series 1: 

Pyrethrins plus derivative — 
ethoxyethoxyethyl 
butoxyethoxyethy] 
butoxyethyl 
methoxyethyl 
chloroethy] 

Pyrethrins alone 


Series 2: 

Allethrin plus derivative— 
ethoxyethoxyethyl 
butoxyethoxyethyl 
butoxyethyl 


Y =4.624X +0.985 
Y =4.624X + 1.203 
Y = 4.624X —0.027 
Y =4.624X — 1.569 
Y =4.624X —2.746 
Y=2.899X — 1.265 


Y =5.396X — 1.361 
Y =5.396X — 1.345 
Y=5.396X — 1.810 
methoxyethyl Y =5.396X — 1.929 
chloroethy] Y =5.396X — 2.585 
ethyl Y =5.396X — 2.846 
Allethrin alone Y=3.752X — 1.499 


From these equations the median lethal concentrations 
(LC-50’s) were estimated and relative toxicities calculated 
as the inverse ratios of the relevant pairs of LC-50’s. The 
estimations together with their standard errors are given 
in table 3. 

To show at once how clearly synergism is demonstrated 
in these mixtures, the requirements are also given in table 
3. The intensity of synergism is disclosed by the ratio of 
toxicity to the pertinent insecticide. 

Because the tests pertaining to allethrin and its mix- 
tures were made on different populations of flies, the 
mortality results in series 2 are not directly comparable 
with those in series 1. However, the toxicity of allethrin 
relative to pyrethrins is 2.7, as shown in table 3. This 
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value is about the mean of many comparisons of [\ese 
two insecticides by this method, thus indicating tha! the 
populations are not greatly different between series jn 
susceptibility. Therefore, the toxicities of the allethrin 
mixtures relative to pyrethrins were calculated from the 
LC-50’s as found to furnish valid ratios. These ratios are 
given in table 3in parentheses to show that they were not 
experimentally direct comparisons. 

Discussion AND Conciusions.—Synergism was pro- 
nounced for all compounds with both insecticides, as was 
indicated approximately in the preliminary work (Gers. 
dorff et al. 1956). The mixtures of the butoxyethoxyethyl, 
ethoxyethoxyethyl, and butoxyethy] derivatives with 
pyrethrins were respectively about 22, 20 and 12 times 
as toxic as pyrethrins alone; their mixtures with allethrin 
were about 3.6, 3.6, and 3.0 as toxic as allethrin alone. 
These intensities of synergism are at least as high as those 
of the best commercial synergists. With either insecticide 
the intensities of synergism of the methoxyethyl, chloro- 
ethyl, and ethyl compounds were lower than those of the 
commerical synergists. 

When some of the commercial synergists were examined 
by this method under comparable conditions, the inten- 
sities of synergism with pyrethrins and allethrin were found 
to be, respectively, about 13 and 2.6 for piperony] bu- 
toxide 1:10 (Gersdorff et al. 1951), 11 and 2.3 for sulfoxide 
1:5 (Gersdorff et al. 1952), 20 and 3.3 for sulfoxide 1:10 
(Gersdorff & Piquett 1955), and 13 and 2.2 for sulfone 
1:5 (Gersdorff et al. 1955). 

However, these were the technical products obtainable 
on the market. Their purity could be of importance in 
the drawing of precise conclusions regarding intensity and 
subsequently any inferences regarding chemical structure 
of the compounds and insecticidal effects. When pure 
samples of sulfoxide and piperony! butoxide were used in 
a direct comparison of mortalities, as in table 1, the best 


Table 3.—Evaluation of intensity of synergism of certain acetals in mixtures with pyrethrins or allethrin. 


RELATIVE 
STANDARD 
ERROR OF 
LC-50 LC-50 


MATERIAL (Ma. Per D1.) 


Loe or RANGE OF 
Ratio To Ratio 
THE BETWEEN 


Ratio or Toxicity To— 
TINENT 5% Anv 95% 


(Per CENT) 


Pyrethrins Allethrin INSECTICIDE LEVELS 


Series 1 


Pyrethrins plus derivative— 
ethoxyethoxyethyl 
butoxyethoxyethyl 
butoxyethyl 
methoxyethyl 
chloroethyl 


Pyrethrins 144.9 
Minimum required to demonstrate synergism 


7.38+ 73.8 
6.62+ 66.2 
12.22+122.2 
26 .33+-263.3 
47 .33+473.3 


19.63+0.98 
21.88+1.07 
11.86+0.59 
5.50+0.28 
3.06+0.15 


1.0 


Series 2 


Allethrin plus derivative— 
ethoxyethoxyethyl 
butoxyethoxyethyl 
butoxyethyl 


15.09+150.9 4.83 
14.99+149.9 4.72 
18.28+182.8 4.77 
methoxyethyl 19.23+192.3 4.73 
chloroethy] 25 .45+254.5 4.77 
ethyl 28 .44-+4+284.4 4.84 


Allethrin 53.99 5.21 
Minimum required to demonstrate synergism _— 


m1 
Cm 
1+ 14+ 
— 

Co 


oO 


® Parentheses indicate that the ratios were not obtained by direct experimental comparison. 
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two acetals, the butoxyethoxyethyl and ethoxyethoxy- 
ethyl derivatives, were superior to them as synergists 
with pyrethrins and the butoxyethyl derivative was only 
dightly inferior. 

These three acetals were tested on house flies by the 
gnall-group Peet-Grady method by Fales et al. (1956) 
and were reported to be equal to or better than piperonyl 
butoxide. 

From the standpoint of chemical structure the longer 
the alkoxy substituent the greater is the effectiveness of 
the acetal as a synergist. 

Recently it was shown that, in sprays containing the 
trans isomers of allethrin synergized with piperonyl 
butoxide, the intensity of the stimulus required to cause 
a given percentage mortality was about three times that 
required to cause the same percentage knockdown 
(Gersdorff et al. 1957). In the present study knockdown 
did not drop off as quickly with the lowering of concen- 
tration; therefore, a similar comparison of toxicity and 
knockdown effectiveness cannot be made. It appears from 
the data that these new compounds may contribute 
synergistically to knockdown action. However, to obtain 
definite information on this subject, sprays of lower con- 
centrations should be tested. 

Summary.—The intensity of synergism in oil sprays 
containing certain methylenedioxyphenyl acetals and 
either allethrin or pyrethrins in the proportion of 10 
times as much synergist as insecticide was determined in 
tests against the house fly, Musca domestica L., by the 
turntable method. 

The mixtures of 2-(2-n-butoxyethoxy)ethyl 3,4- 
methylenedioxyphenyl acetal of acetaldehyde and the 
corresponding ethoxyethoxyethyl, butoxyethyl, methox- 
yethyl, and chloroethy! derivatives with pyrethrins were, 
respectively, about 22, 20, 12, 5.5, and 3.1 times as toxic 
as pyrethrins alone. 

Their mixtures with allethrin were, in the same order, 
about 3.6, 3.6, 3.0, 2.8, and 2.1 times as toxic as allethrin 
alone. A mixture of the corresponding ethyl derivative 
with allethrin was a little less toxic than the mixture of 
the chloroethy] derivative. 
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The butoxyethoxyethyl and the ethoxyethoxyethyl 
derivatives were superior to sulfoxide and piperonyl 
butoxide as synergists. 

Knockdown of flies was high for all mixtures at the 
concentrations used and complete for the insecticides 
alone. 
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Comparative Effects of the Optical Forms of Epiasarinin, Asarinin, 
and Sesamin in Pyrethrum Mixtures as House Fly Sprays! 


W. A. Gersporrr, P. G. Prquett, and Morton Beroza, Entomology Research Division, Agric. Res. Serv., U.S.D.A. 


From experiments testing d-sesamin, isosesamin (d- 
asarinin), and /-asarinin with respect to their synergistic 
efect with pyrethrins in kerosene sprays, Haller et al. 
(1942) concluded that spatial configuration in these 
isomers is of little importance in this action. Two new 
isomers, d- and l/-epiasarinin, have now been prepared, 
and the configurational relationships of the six possible 
‘somers have been elucidated (Beroza 1956). Since no 
tests for synergistic action have been reported with these 
two compounds or with /-sesamin, a study with all six 
‘omers was undertaken to obtain comparative informa- 
tion on such action in pyrethrum mixtures. The house fly, 
Musca domestica L., was used as the test insect. 

Mareriats.—The isomers were d- and /-sesamin, d- 


and /-asarinin, and d- and [-epiasarinin. For comparison 
with them a sample of the racemic form of sesamin was 
included. The samples of the compounds used were pure. 

The sample of pyrethrins used was known to be a trust- 
worthy one by comparison with allethrin and another 
sample of pyrethrins whose authenticity had been pre- 
viously established. It contained 54% of pyrethrin I and 
cinerin I as determined by the mercury-reduction 
method. 

ProcepurE.—Sprays of the adjuncts, alone and in 
mixtures with pyrethrins, were prepared by dissolving the 
materials with the aid of an auxiliary solvent, acetone, in 
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refined kerosene at concentrations determined according 
to preliminary tests. The concentration of acetone was 
kept at 10% by volume. Sprays containing pyrethrins 
alone were prepared with the same solvent mixture except 
in some of the preliminary tests (series 1 and 2). 

Only a limited amount of epiasarinin was available; 
therefore, the tests with it could not be so extensive as 
was desirable. Because the other compounds were to be 
tested under the same conditions, the restrictions also 
applied to the tests with them. The proportion in the 
mixed sprays was 1 part of insecticide to 1 part of adjunct 
in all three series, and in the more critical comparison 
(series 3) only two concentrations of each mixture were 
tested with but two replications. 

Knockdown and mortality of house flies of the National 
Association of Insecticide and Disinfectant Manufac- 
tures 1948 strain were determined by the Campbell turn- 
table method. Approximately 110 flies, averaging 2 to 2} 
days in age, were used in each test. Each series of tests 
was made against a different population. 

KNocKDOWN AND Mortauity Resuits.—The sprays 
containing the isomers alone caused no knockdown of 
flies, those containing pyrethrins complete knockdown. 

The mortality data are summarized in table 1. Since the 
isomers alone caused no mortality at the concentration of 
100 mg. per deciliter, a possible contribution by them to 
the expected toxicity of the mixtures would be negligible 
and so was ignored. Concentrations based on pyrethrins 
equivalents, therefore, were not needed, and compari- 
sons were made on the basis of pyrethrins content. 

Eva.uation oF Toxicity AND INTENSITY 
or SYNERGISM.—To evaluate relative toxicity and deter- 
mine the precision of the estimates, the mortality data in 
series 3 were subjected to probit analysis as described 
by Finney (1952). 

Individual unweighted regression lines for the mixtures 
and the pyrethrins standard in the order of appearance 
in table 1 have slopes of 4.5, 3.0, 3.3, 4.3, 2.7, 3.9, and 3.2 
probits per unit long concentration. Since regression rela- 
tionships are poorly established from only two points to a 
line and there appeared to be no systematic departure 
from parallelism, the generalizing procedure was followed 
to obtain the weighted regression equations. Subsequent 
analysis of chi-squares showed that the data could be 
represented by parallel lines but that a heterogeneity 
factor, 1.995, should be used in the error estimations. 

The final equations showing the regression of mortality, 
expressed in probits, on concentrations in milligrams per 
deciliter, expressed as logarithms, are given below. 
Those for the mixtures are based on the expression of 
concentrations in terms of insecticide content only. The 
standard error of the common regression coefficient is 
0.166. 

Pyrethrins plus: 
d-sesamin 
l-sesamin 
d-asarinin 
l-asarinin 
d-epiasarinin 
l-epiasarinin 

Pyrethrins alone 


Y =3.403X — 1.0793 
Y =3.403X —0.5710 
Y=3.403X — 1.4123 
Y=3.403X — 1.2504 
Y=3.4038X — 1.6171 
Y =3.403X — 1.7598 
Y =3.403X — 2.6967 


From these equations LC-50’s were estimated and 
relative toxicities were calculated as the inverse ratios of 
the relevant pairs of estimations. The results are reported 
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Table 1.—Mortality of house flies caused by 1:9 acetone. 
kerosene sprays selected to study the comparative effect o 
sesamin isomers in equiproportional mixtures with pyre. 
thrins.* 


Per Cent 

IN 1 Day 


CONCENTRATION 


MATERIAL (Ma. Per Dt.) 


Series 1 


100 
100 
100 
100 
100 
100 


d-Sesamin 
l-Sesamin 
d-Asarinin 
l-Asarinin 
d-Epiasarinin® 
l-Epiasarinin® 


Pyrethrins plus— 
d-sesamin 
dl-sesamin 


Pyrethrins alone>¢ 


150 
100 


Series 2 
Pyrethrins plus— 
d-sesamin® 
l-sesamin? 
d-epiasarinin® 
l-epiasarinin® 


100+ 100 
100+ 100 
100+ 100 
100+ 100 


338 
150 
100 


Pyrethrins alone® 


Series 3 

Pyrethrins plus— 
d-sesamin 100+100 
50+ 50 
100+ 100 
50+ 50 
100+-100 
50+ 50 
100+ 100 
50+ 50 
100+ 100 
50+ 50 
100+ 100 
50+ 50 


l-sesamin 
d-asarinin 
l-asarinin 
d-epiasarinin 
l-epiasarinin 
506 
338 
225 
150 


100 
66.7 


Pyrethrins 


® Means of two replicates, except as indicated. 
Single test. 
° In kerosene only, 


in table 2. The minimum requirements to demonstrate 
synergism are also given therein. 

Discussion AND Conciustons.—The evidence of 
synergism in each mixture was pronounced. However, as 
was to be expected with the low proportion of synergist to 
insecticide, its intensity was not very great as compared 
with the best commerical synergists at the proportions 12 
common use. 

A casual comparison of the relative toxicity of the d- 
sesamin mixture in this study (3.0) with that found for a 
similar mixture (but not with the same pyrethrins) in @ 
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Table 2.—Relative effects in the toxic action of sesamin 
jsomers in equiproportional mixtures with pyrethrins. 


MINIMUM 
Loa 


LC-50 
(Ma. or Eacu 
CONSTITUENT 

PER Dt.) 


REQUIRED 
To DEemon- 
STRATE 
SYNERGISM 


Ratio oF 
Toxicity To 
INSECTICIDE Loc or 


MATERIAL Ratio> 


> 

Pyrethrins plus— 
d-sesamin 
|-sesamin 
d-asarinin 
[-asarinin 
d-epiasarinin 
Lepiasarinin 

Pyrethrins alone 


4 Minimum ratio demonstrating synergism is 1.16. 
> Required difference for significance between mixtures varied from 0.073 to 
0,080. 


previous study (8.0) by the same testing method (Gers- 
dorff et al. 1954 shows a large difference. However, this 
difference may be accounted for by considering the un- 
usually large error in the earlier study, the fact that the 
toxicity due to acetone could not be allowed for then, 
and the possible effect of the use of unusually tolerant 
flies in that study. 

Because of the low intensities there is some overlapping 
in effects of the isomers. Nevertheless, a trend is indicated 
and some differences are demonstrated. The two sesamin 
compounds are definitely more effective than the epi- 
asarinin compounds. That the two asarinin compounds 
differ in effect from the sesamin or the epiasarinin com- 
pounds is not clearly shown. Only one difference between 
the optical forms of a pair was found significant : /-sesamin 
was slightly more effective than d-sesamin. 

It is likely that an equiproportional mixture of the two 
optically active forms of each pair, the racemic mixture 
that is obtained on synthesis, would act as the mixture of 
two similarly acting substances and not as a different 
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compound. The tests in series 1 support this hypothesis, 
for racemic sesamin was just as effective as d-sesamin. 
In this case the slightly increased effect of dl-sesamin, to 
be expected because of a greater effect of /-sesamin, was 
not shown in two replicates. With the data for both active 
forms combined in this way a trend in synergistic effec- 
tiveness would be shown from dl-epiasarinin (2.0) to dl- 
asarinin (2.5) to dl-sesamin (3.6), the difference between 
the first and second compounds being on the borderline 
of significance and that between the second and third 
clearly significant. Thus it may be concluded that at this 
proportion the two active forms and the racemic form of 
sesamin are about equally effective synergists with 
pyrethrins and are more effective than the asarinin and 
epiasarinin compounds, and that the epiasarinin com- 
pounds are probably the least effective. However, the 
differences are so slight that they are of little practical im- 
portance. 

At the concentrations used the isomers alone caused no 
knockdown of flies, their mixtures with pyrethrins com- 
plete knockdown. 
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Evaluation of Organic Phosphorus Insecticides for 
Grape Leafhopper Control! 


E. F. Tascnensere, New York State Agricultural Experiment Station, Geneva 


In the grape growing districts of the northeastern 
United States grape leafhoppers of the genus Erythroneura 
occur in sufficient numbers to rank as major pests of vine- 
yards. The most important species are E. comes, Say and 
E. tricincta, Fitch, with the subspecies of E. comes, E. 
comes comes, being the most common form on Concord 
grapes in western New York. This subspecies is also 
found on other important varieties of grapes. In the 
Chautauqua grape belt where the work reported in this 
paper was conducted, the grape leafhopper is second only 
to the grape berry moth, Paralobesia viteana (Clem.), 
as a pest of grapes. 

The effectiveness of a single DDT spray applied for the 
leafhopper either before or after bloom is well established 
by results obtained from the investigations carried out 
between 1944 and 1947 by Cox (1945, 1947) and Taschen- 
berg & Hartzell (1949). The latter workers (1949) recorded 
that DDD performed similarly to DDT, also, parathion 
gave promising results against a population made up 


primarily of nymphs. Control of the leafhopper on a 
commerical scale with DDT began in 1946 and the use 
of the same insecticide for this purpose has continued to 
the present. A single application provides control. When 
a DDT program is followed for grape berry moth, control 
of the leafhopper becomes incidental. 

From 1948 to 1952 inclusive no further effort was made 
to evaluate insecticides for control of the leafhopper FE. 
comes, but in 1953 studies were resumed and continued 
until 1955. Resumption of the work was due largely to 
reports on the behavior of the grape leafhoppers EF. 
elegantula, Osborn and E. variabilis, Beamer in California. 
According to Stafford & Jensen (1953) the control of F. 
elegantula with DDT was poor in many vineyards during 
1951 and 1952 and the failure in most instances was due 
to resistance of this leafhopper to DDT. They reported 
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that malathion proved to be very effective where DDT 
failed to control the pest. Barnes et al. (1954) recorded 
similar experiences with EF. variabilis. These workers re- 
ported the existence of populations with varying degrees 
of resistance and listed three strains which are as follows: 
very susceptible to DDT, Verdemont strain; moderately 
susceptible to DDT, Indio strain; and very resistant to 
DDT, Arizona strain. 

The purpose of the investigation reported was to 
determine whether DDT continued to give the same high 
degree of control as reported for the period from 1944 to 
1947, to evaluate some of the organic phosphorus in- 
secticides for combatting this insect, and to obtain in- 
formation on the amount of demeton residue present in 
Concord grapes 21 days after final application of spray. 

Metuops AND MatertAts.—All insecticide trials were 
conducted in commerical Concord vineyards having 
moderate to vigorous vine growth. A hydraulic spray 
pump operating at a pressure of 500 p.s.i. and a hooded- 
boom were used to apply the treatments. The hooded- 
boom is described in detail in an earlier publication by 
the author (1948). The rate of application was 200 gallons 
per acre for pre-blossom treatments and 250 gallons per 
acre for the post-blossom treatments. For comparison of 
materials applied at the pre-bloom stage of vine develop- 
ment the plots were 10 rows wide and 50 vines long. In 
experiments where the treatments were applied after 
bloom the plots were four rows wide and at least 30 vines 
long. Each test block included two or more untreated 
plots. 

The effectiveness of insecticides was determined by 
direct counts of the leafhopper population. Each leaf sam- 
ple collected for this purpose consisted of 20 leaves taken 
from the center two rows of a plot. At least two post- 
treatment counts were made on treated and untreated 
plots. In several experiments the degree of infestation was 
determined just prior to application of the materials and 
these pre-treatment counts are given in the data tables 
along with the post-treatment counts. Procedures em- 
ployed in selection of leaf samples, handling of samples 
after collection, removal of insects from the leaves and 
determination of the number of leafhoppers per sample 
were the same as those developed by Hartzell & Horsfall 
(1944). 

Insecticides in the form of wettable powders and misc- 
cible liquids were evaluated on the basis of a single applica- 
tion. Information on formulation of insecticides is in- 
cluded in the tables giving data on control. During 1953 
the pesticides were used alone in the spray mixture and in 
1954 and 1955 the sprays contained a fungicide, 2 pounds 
of low soluble copper and 4 pounds of lime. An emulsifi- 
able oil was added at the rate of 1 quart per 100 gallons 
to all sprays except those in which a miscible formulation 
of the insecticide was employed. 

Resu.ts AnD Discusston.—The 1953, tests to evaluate 
materials were carried out in three vineyards. The results 
of the trials where the organic phosphorus insecticides 
were compared with DDT are presented in table 1. When 
the treatments were applied on July 16, 93% or more of 
the populations in the test blocks was made up of nymphs. 
With 10 ounces of actual DDT per acre the control was 
excellent and the leaves were free of leafhoppers 36 
days after the treatment was applied. These results with 
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Table 1.—Control of grape leafhupper with some organic 
phosphorus and chlorinated hydrocarbon insecticides ap. 
plied in single post-blossom treatrients, 1953. 


LEAFHOPPER 
PopuLation® 
(Days Arrer 
TREATMENT) 


RATE PER 


MATERIAL 100 GaLs. 


Series 1 (Treated 7/16)” 
0.5 Ib. 
1.0 lb. 
2.0 Ibs. 

12 fl. oz. 


DDT 50% (w. p.) 
Malathion 25% (w. p.) 
Malathion 25% (w. p.) 
Malathion 25% (emul. liq.) 
Untreated 


Series 2 (Treated 7/16)¢ 
DDT 50% (w. p.) 0.5 Ib. 
Demeton 50% (emul. liq.) 

EPN 25% (w. p.) 
Parathion 15% (w. p.) 
Diazinon 25% (w. p.) 
Diazinon 25% (w. p.) 
Metacide 50% (emul. liq.) 
Untreated 


& 


Series 3 (Treated 8/7) 
1.0 lb. 


DDT 50% (w. p.) 
Methoxychlor 50% (w. p.) 
Strobane 50% (w. p.) 
Malathion 25% (w. p.) 
Untreated 


2.0 Ibs. 
2.0 lbs. 
1.0 lb. 


% 


® On 10 leaves. 
> Pre-treatment count on 7/16, 393 leafhoppers on 10 leaves. 
° Pre-treatment count on 7/16, £15 leafhoppers on 10 leaves. 


DDT are comparable to those obtained in the period from 
1944 to 1947 by Taschenberg & Hartzell (1949). Demeton 
proved to be very effective against the grape leafhopper. 
The performance of this material was similar to DDT in- 
asmuch as no leafhoppers were found 36 days after deme- 
ton was applied. According to the counts 5 days after 
application the control was good with sprays of malathion, 
parathion, EPN, Diazinon and Metacide. However, it is 
evident that against the grape leafhopper these in- 
secticides failed to exhibit the persistence of DDT for 
within 36 days the leafhoppers were becoming established 
on vines treated with these materials. The results with 
parathion at time of the first count were in agreement 
with results recorded earlier (Taschenberg & Hartzell 
1949). 

Also in 1953 DDT, methoxychlor, Strobane and mala- 
thion were compared and the data obtained are shown in 
table 1. The first count, 4 days after the insecticides were 
applied, showed that 85% of the population was in the 
nymphal stage on untreated vines. At this time DDT, 
methoxychlor and malathion gave similar control. The 
second count made 21 days after application of treatments 
showed that while the number of leafhoppers had almost 
trebled on the untreated checks, only those vines sprayed 
with DDT and methoxychlor were free of leafhopper. 

In 1955 activity of the leafhopper was favored by the 
above normal temperatures. Usually the evidence of leaf- 
hopper feeding becomes marked during the latter part of 
July, but in 1955 injury was very distinct by July 10. 
Control studies with post-blossom treatments were con- 
ducted in three vineyards. The data from the experiment 
in which six treatments were evaluated are given in table 
2. According to the results, similar control was obtained 
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Table 2.—Control of grape leafhopper with DDT and 
several organic phosphorus insecticides, 1955. 
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Table 4.—Control of grape leafhopper by malathion sprays 
with and without lime, 1955. 


LEAFHOPPER 

PopuLATION” 

(Days AFTER 
11 TREATMENT 


RATE PER 


MATERIAL® 100 GaLs. 


LEAFHOPPER 
PoPULATION® 
(Days Arter JuLy 12 
TREATMENT) 


RATE PER 


MATERIAL 100 Ga.s. 6 17 


0.5 |b. 

1.0 |b. 

8 fl. oz. 

2.0 lbs. 45 

0.5 |b. 122 

1.5 lbs. 148 
190 


DDT 75% (w. p.) 

DDT 75% (w. p.) ; 
Demeton 26% (emul. liq.) 
Chlorthion 25% (w. p.) 
Guthion 25% (w. p.) 
Malathion 25% (w. p.) 
Untreated 


* Spray mixture contained low soluble copper, 2 Ibs. and lime, 4 Ibs.; and 
miscible oil (9 parts oil and 1 part B 1956), 1 qt. 
b On 10 leaves. 


with 15 and 30 ounces of actual DDT per acre and deme- 
ton at the rate of 10 ounces of actual toxicant per acre 
proved to be as effective as DDT. Chlorthion and Guth- 
ion were definitely inferior to DDT. The control with 
malathion in 1955 was inferior to that recorded in 1953, 
tables 1 and 2. An explanation for the poor performance is 
that the spray mixture contained lime. Support for this 
statement is found in the data in table 4. 

Worthy of comment is the decrease in number of leaf- 
hoppers on the untreated checks in the 9-day interval be- 
tween the counts, table 3. At the time of the 7-day count 
77% of the population was nymphs and approximately 
one-half were in the later stages of nymphal development. 
Only 469% were in the nymphal form at the time of the 
16-day count. The decline in population that occurred in 
the period between the first and second count is con- 
sidered as normal because the tendency is for the insect 
to migrate from the leaves as they attain adulthood. 

Because of the low level of leafhopper infestation in 
1954 the control investigations were limited to one experi- 
ment in which single sprays of demeton and DDT were 
applied just prior to the blossoming period. These treat- 
ments were directed against the overwintering adults 
which are recognized as being very difficult to kill. The 
results with pre-blossom treatments of DDT and demeton 
are given in table 3. In this trial, DDT at the rate of 24 


Table 3.—Control of grape leafhopper with DDT and 
demeton sprays applied as pre-blossom and post-blossom 
treatments, 1954 and 1955. 


LEAFHOPPER 
PopuLaTIon? 
(Days AFTER 
TREATMENT) 


RATE PER 


MATERIAL® 100 Ga.s. 


Applied before blossom June 14, 1954 43 57 67 
DDT 75% (w. p.) 1 |b. 0 2 2 
Demeton 50% (emul. liq.) 12 fl. oz. 1 5 3 
Untreated 240 160 258 


Applied after blossom July 12, 1955 6 17 #61 


DDT 75% (w. p.) 1 lb. 3 1 5 
Demeton 26% (emul. liq.) 16 fl. oz. 1 17 1 
Untreated 301 1150 


” Spray mixture contained low soluble copper, 2 Ibs. and lime, 4 lbs. DDT 
omy included miscible oil (9 parts oil and 1 part B1956), 1 qt. 
On 10 leaves, 


Malathion 25% (w. p. 
Malathion 25% (w. p. 

Plus lime 
Untreated 


® On 10 leaves. 


ounces of actual toxicant per acre gave a high degree of 
control and the results with this pre-blossom treatment 
of DDT are comparable to those reported by Cox (1945) 
and Taschenberg & Hartzell (1948). Demeton, 12 ounces 
of actual toxicant per acre, proved equal to DDT in effec- 
tiveness against the overwintering adults. The perform- 
ance of demeton is attributed to a high initial kill by 
contact rather than to control by systemic action. 

Again in 1955 sprays of DDT and demeton were com- 
pared but the treatments were applied, on July 12, in the 
post blossom period. The results are presented in table 3. 
In this block the level of infestation was high and the 
population on untreated leaves consisted of 65, 42 and 
77% nymphs, on July 18, July 27 and September 1, re- 
spectively. DDT and demeton gave excellent control for 
51 days while the number of leafhoppers on untreated 
vines increased from 30 to 115 per leaf. There is no indica- 
tion from this test and the other trials that lime reduced 
the effectiveness of demeton. 

Demeton Resipve.—An objective in the application 
of treatments for grape leafhopper control is to cover the 
undersides of leaves. Coverage of fruit clusters with the 
insecticides becomes of secondary importance to thorough 
distribution of the pesticide on the lower surface of foli- 
age. This requisite is worthy of consideration in connec- 
tion with residue investigation on grapes, especially when 
insecticides are applied primarily for the control of the 
leafhopper. Normally, a treatment for the purpose of 
controlling the grape leafhopper would be made either in 
June or early July. In contrast, the demeton treatments 
for the residue studies to be reported were applied on 
August 2 and 16 of 1955 as single and dual sprays. Due to 
the lateness of application the residue determinations rep- 
resent a rather extreme condition. Thus, the amount of 
insecticide present would undoubtedly be in excess of 
that expected from normally timed treatments. 

Two concentrations of demeton, 26% emulsifiable 
formulation, were employed for the studies and the 
rates of application were 6 and 12 ounces of actual toxi- 
cant per acre. With the exception of the spray mixture 
which included lime at the rate of 4 pounds per 100 
gallons all treatments contained only the insecticide. For 
these studies all sprays were applied by the same equip- 
ment mentioned earlier in this paper and the rate of 
application was 300 gallons per acre. Samples of fruit for 
demeton residue determination consisted of three clusters 
of fruit from each of four vines. The clusters were so 
picked from a vine that two came from the vicinity of the 
top wire of the trellis and one from near the bottom 
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Table 5.—Demeton residues on Concord grapes 21 days 
after application of treatment, 1955. 


Demeton Resipve (P.P.M.)* 
(RANGE ON SAMPLES) 


DEMETON 
APPLIED 
(Oz./A.) 1 2 3 4 5 Average 
Vineyard 1 
6 0.3 0.4 0.4 0.4 0.5 0.4 
12 0.5 0.7 0.8 0.9 i | 0.8 
Vineyard 2 
6 n.d.4 n.d. 0.2 0.2 0.3 0.2 
12 0.5 0.5 0.5 0.6 0.6 0.5 


® Analyses by Pittsburgh Coke & Chemical Co., Pittsburgh, Pa. 


> Planting vigorous. 
© Planting with moderate vigor. 
4 n.d.—not detected. 


wire. A total of five fruit samples each weighing 2 to 3 
pounds was taken from each treatment. The berries with 
pedicels were removed from the peduncle and were 
divided into three or four equal parts. The entire sample 
was utilized in making the residue determinations given 
in table 5 and figure 1. 

An adaptation of the method of Giang & Hall (1951) 
was used to determine the demeton residue. The method 
is senstive to 0.1 p.p.m. of demeton (Hensel et al. 1954). 
As will be seen, with two applications of the insecticide 
at the rate of 6 ounces of actual toxicant per acre the 
residue 21 days after the final treatment was below the 
tolerance of 1.25 p.p.m. With two treatments using 12 
ounces per acre the residue exceeded the tolerance. Lime 
caused a reduction of the demeton residue, being one- 
third less than in the absence of lime. The variations found 
between samples are within the limits expected for field- 
applied treatments and especially when dealing with such 
low concentrations. 

SummMary.—From 1953 to 1955 inclusive, experiments 
were conducted on the control of the grape leafhopper, a 
major insect pest of vineyards in New York. During the 
investigations DDT, methoxychlor, Strobane, demeton, 
parathion, EPN, malathion, Diazinon, Metacide, Chlor- 
thion and Guthion were tried. DDT was found to perform 
as well in 1953-5 as in 1944—7. Thus no indication of DDT 
resistance was noted. A single spray application of DDT 
before or after bloom gave adequate control throughout 
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the growing season. The performance of demeton was 
comparable to that given by DDT. This materia! gaye 
high kill of nymphs and summer adults and in addition 
proved to be very effective against overwintering adults, 
Also, one treatment provided control for a period of 5] 
days and longer. In this latter respect demeton was 
superior to the other organic phosphorus insecticides, 
These latter materials with exception of Chlorthion and 
Guthion gave good kill as measured 4 to 7 days after 
application but all provided short residual action. The 
control with malathion was reduced by the addition of 
lime but not in the case of demeton. 

Two concentrations of demeton were applied in 
schedules of one and two sprays which were purposely 
delayed until August 2 and 16 for residue studies. Within 
21 days after final application the residue of the fruit 
treated twice with demeton at the rate of 6 ounces of 
toxicant per acre was well under the tolerance of 1.25 
p.p.m. Two treatments each with 12 ounces of toxicant 
per acre gave a residue exceeding the tolerance. 
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Fic. 1.—Demeton residues with different concentrations and number of applications. 
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Sources of Resistance of Cotton Strains to the Boll Weevil and 
Their Possible Utilization! 
S. G. Stepuens, Genetics Faculty, North Carolina State College, Raleigh 


In his book, “Insect Resistance in Crop Plants” 
(1951), R. H. Painter wrote: “The spectacular successes 
of the newer types of insecticides that have been devel- 
oped during and after World War I have tended to 
obscure the fact that there are many other ways by which 
insects can be controlled. The use of insecticides will re- 
main an emergency control measure and, as such, 
emphatically necessary. It is equally necessary that we 
attempt to use more permanent control measures that are 
less costly to growers. The use of insect resistance belongs 
to such a control program.” 

This statement is particularly relevant to the problem 
of the cotton boll weevil (Anthonomus grandis Boh.). For 
the past 40 years nearly all efforts which have been made 
to control this insect have been channelled into the devel- 
opment and testing of insecticides and their methods of 
application. 

The methods of control resulting from these efforts 
represent emergency measures only i.e., they make 
profitable the growing of cotton in infested areas but they 
do not prohibit serious losses. According to available 
statistics, during the period 1940-49, the annual loss of 
cotton per acre in the non-irrigated part of the Cotton 
Belt which was attributed to weevil damage varied from 
5 to 17% of the full yield (U. S. Dept. Agric. Bur. Agric. 
Econ. 1951). This represents about one-third of the 
losses collectively attributable to adverse weather condi- 
tions, insect pests and plant diseases. In certain areas 
the relative losses may be greater. For example, in North 
Carolina, during the period 1950-54, the average esti- 
mated loss in yield from boll weevil damage was approxi- 
mately equal to the loss attributed to all other sources of 
damage (North Carolina Agric. Ext. Service 1955). While 
it is probable that better insecticides and methods of 
application can be developed, there is a further limiting 
factor to be considered, namely, the patience and financial 
ability of the individual farmer to carry out an expensive 
and time consuming operation. The cost of dusting or 
spraying varies considerably with the cost of the in- 
secticides used and the number of applications necessary 
in different seasons, but in general it adds appreciably 
to the cost of growing the crop. There is, presumably, a 
ceiling to the expenditure of time and money which the 
individual farmer is prepared to risk for an uncertain 
profit. The ceiling is likely to be lower in times of over- 
production and on holdings of limited size. 

Risks or Excuusivety Cuemicat Metruops or Con- 
TROL.—From the genetic point of view, methods of con- 
trol which are based exclusively on insecticides—par- 
ticularly on a rather narrow range of insecticides—run 
the risk of tolerant or resistant forms of weevil being 
developed. As English (1955) has said, “it appears clear 
that if a highly efficient residual insecticide is continu- 
ously used on a species with a high biotic potential, 
resistance is to be anticipated.”’ No evidence of resistant 
forms of boll weevil was found by Ivy & Scales (1954) but 
within a year Roussel & Clower (1955) reported strains in 
Louisiana which were highly resistant to chlorinated 


hydrocarbons. The intensity of selection which is pro- 
duced by the application of an insecticide may also be an 
important factor. In his studies of the development of 
resistance to DDT by fruit flies, King (1954) showed that 
when resistance is dependent on a complex genetic basis, 
it is likely to be built up more effectively under conditions 
of low, than under conditions of high selection intensity. 
Under high selection pressure, the insect population may 
be held to so small a size that the rarer combinations of 
resistant genes have little chance of being accumulated. 
This suggests that in a situation where an insect popula- 
tion is able periodically to build up to an enormous size 
because of the difficulty of maintaining insecticide 
application ata “knockout” level, there may be a particular 
risk of resistance being developed. A situation of this type 
develops frequently in the case of the boll weevil. 

OrHer Possisiuities.—In the 1920’s and early 
1930’s, the possibilities of biological control and plant 
breeding were considered, but with one exception, not 
followed through. The exception was the principle of host 
evasion, used by the plant breeder in developing early 
varieties of cotton which were able to set a partial crop in 
advance of the rapid build-up of the boll weevil during 
each growing season. The possibilities of further progress 
along these lines were practically exhausted by the early 
1930’s. Several predators and parasites of the weevil 
were identified (Hinds 1907, Fenton & Dunnam 1929) 
and the life history of one of them was studied in con- 
siderable detail (Folsom 1936). Early attempts to identify 
morphological or physiological characteristics in the 
cotton plant which might offer potential resistance to 
boll weevil attack (Cook & Doyle 1927, Isely 1928, 
Strong 1938) did not, at the time, appear sufficiently 
promising to pursue. However, when some of these early 
findings are considered in relation to the information ob- 
tained on the life history and reaction patterns of the wee- 
vil there appears to be a definite opportunity for the 
geneticist to contribute to a control program. Certainly 
an attempt to develop new lines of attack, as a supplement 
to methods in current use, is long overdue. It is the pur- 
pose of this paper to consider the possibilities of syn- 
thesizing genetic resistance to the boll weevil and to 
suggest an appropriate procedure. Its application, and 
the experimental results which have been obtained, will 
be presented in later papers in the series. 

“Host” Speciricitry OF THE Bott WeeviL.—For all 
practical purposes the boll weevil is a monophagous in- 
sect. It is entirely dependent for feeding and oviposition 
upon the cotton plant. Of several species in genera related 
to Gossypium which were studied by Coad (1914) and 
Gaines (1933, 1934) only one, Hibiscus syriacus, could be 
substituted for cotton. Gaines (1934) was able to rear 14 
adult weevils from eggs laid in flower buds of caged plants 
of this species, and seven from uncaged plants of the 
same species growing in a cotton field. Attempts to rear a 


1 Contribution from the North Carolina Agricultural Experiment Station. 
Published with the approval of the Director as Paper No. 778 of the Journal 
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second generation from these adults failed. Recently, 
Lukefahr (1956) has found that Thespesia popuinea L. 
can serve as a host plant for the weevil. This observation 
is of particular interest because Thespesia populnea is the 
only species outside the genus Gossypium which has been 
successfully grafted with cotton—presumably an indica- 
tion of physiological affinity. However since T. populnea 
is a circumtropical and coastal form (Hutchinson 1947) 
it cannot be considered seriously as an alternative host to 
the weevil in this country. 

Within the genus Gossypium, the boll weevil is able to 
feed and complete its life cycle on the three cultivated 
species which have been studied from this point of view. 
These are: G. hirsutum (its most common food plant), 
G. barbadense (Smith 1921, Cook & Doyle 1927), and 
G. arboreum (personal observation). There is apparently 
no record of its reaction to the fourth cultivated species, 
G. herbaceum. Information concerning the wild species of 
Gossypium is fragmentary—chiefly because most of them 
do not flower in culture during the months in which the 
boll weevil is active. It has been stated by Smith (1921) 
that “G. davidsonii”’ (=G. klotzschianum var davidsonii 
Hutchinson) and “Thurberia thespesiodes” (=G. thurberi 
Tod) serve as “regular food plants.”’ This statement does 
not appear to have been verified and may be inaccurate 
in view of the fact that G. thurberi has its own distinct bio- 
logical race of weevil, Anthonomous grandis thurberiae. 
Coad (1915) found that G. thurberi was not attacked by 
boll weevil when growing near heavily infested cotton 
fields. I found a similar situation at College Station, 
Texas, in 1948 when individual plants of G. harknessii 
and G. sturtii, which bloomed unexpectedly during the 
summer months, remained unattacked although grow- 
ing alongside infested plots of G. hirsutum. Whether 
these different reaction patterns are only manifestations 
of strong preferences, or reflect the inability of the weevil 
to maintain itself on certain of the wild species, is not 
clear. In Raleigh, N.C., it has been observed that 
segregating progenies obtained by backcrossing the wild 
species, G. tomentosum, G. thurberi, G. harknessii and G. 
raimondii to G. hirsutum (Upland), can all be quite 
actively attacked by the boll weevil, though it is possible 
that preferences exist. 

PReFERENCES.—The term “preference” is used here as 
employed by Painter (1951) to “denote the group of plant 
characters and insect responses that lead to or away from 
the use of a particular plant or variety.”” There seems to be 
clear evidence that boll weevil exhibits preference in its 
reaction to the different cultivated species of cotton. The 
observation that barbadense varieties appear to be 
attacked more than hirsutum varieties has frequently 
been made, and there is some experimental evidence to 
support it (Smith 1921, Cook & Doyle 1927, Folsom 
1931). In the genetics garden in Raleigh, which includes 
hirsutum, barbadense and arboreum strains, it has been 
noted that a marked “lag period” occurs during which 
the arboreum cottons are not attacked. Later in the season 
there is considerable feeding activity on these types, but 
there seems to be less oviposition than on strains of the 
other two species. 

There are also some preliminary observations which 
suggest that preferences exist in relation to certain 
morphological and physiological variants which occur as 
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mutants within the Upland group of Airsutum cottons, 
These are of particular interest for two reasons, (a) they 
provide information on what specific plant characteristics 
are important to the boll weevil in its reaction pattern to 
cotton, (b) they are genetically simple to manipulate, 
i.e. they can be recombined and often intensified by 
transference to suitable stocks. Such mutants can be 
used in the synthesis of uniform lines against which the 
weevil’s reaction patterns can be rather precisely tested 
and analyzed. Preliminary information is available on the 
following mutants: 

(1) Red plant color. This is determined by the dominant 
gene, A, in contrast to the normal green plant color (r,) 
of all commercial Upland cottons. Isely (1928) found that 
a red variety, Winesap, showed about half the boll weevil 
damage which occurred in two green varieties under 
comparative tests in Arkansas. Since earlier experiments 
reported by Hunter & Pierce (1912) had indicated that 
green light was about twice as attractive to weevils as red 
light, it seems likely that the differences found by Isely 
were associated with the insect’s color perception. 

(2) Plant hairiness. Upland varieties which are grown 
commercially are all more or less hairy, but two dominant 
mutant forms are known: H, which increases hair length, 
particularly on the lower surfaces of the leaves and on 
the stems (Knight 1952), and H,, first described by Simp- 
son (1947), which is responsible for dense hairiness over 
most of the aerial surface of the plant, including brac- 
teoles, calyx, petals and bolls. The H, type of hairiness has 
formed the basis of breeding for jassid resistance in Africa 
(Knight 1952). It was first suggested by Cook (1906) that 
plant hairiness impeded the movements of the weevils. 
This was later discounted by Loftin (1946) though he 
conceded that hairy plants had an advantage in holding 
insecticidal dusts better than more glabrous types. How- 
ever, the degree of hairiness produced by the H, and H; 
genes is greater than that found in the American Upland 
types with which Loftin was concerned. In the seasons 
of 1953 and 1954 it was noticed that a stock of ‘*Pilose” 
(homozygous for the H, gene) showed little boll weevil 
damage as compared with other Upland types in the 
genetics garden at Raleigh. Fewer egg punctures were 
seen in the squares, and the open bolls had fewer damaged 
loculi. These, together with the earlier observations of the 
other workers, suggested that a critical evaluation of the 
H, and H, types of hairiness would be well worthwhile. 

(3) Absence of stem glands. One of the characteristics 
which is common to all species of Gossypium is the pres- 
ence of internal glands which are found below the epl- 
dermal surfaces all over the aerial parts of the plant. The 
glands vary in size, number, pattern of distribution and 
degree of pigmentation, but they are always present. 
Their secretions contain a volatile oil which is probably 
responsible for the characteristic odor of the cotton plant 
(Stanford & Viehover 1918). McMichael (1954) described 
a recessive mutant form, gl, in Acala (Upland) cotton in 
which the glands were absent from the bolls and stems, 
and present only in reduced number on the bracteoles, 
calyx and veins of the leaf. In 1954 an isolation plot con- 
taining a mixed planting of the Glandless strain and 4 
genetic stock known as Texas Cup Leaf was grown at 
Faison, N. C. in connection with an experiment 1 
natural crossing. Texas Cup Leaf was derived from 4 
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commercial Stoneville strain of Upland cotton and has 
a “normal” distribution of glands. When the plot was 
harvested it was apparent that the Texas Cup Leaf 
plants had been badly damaged by the boll weevil while 
the Glandless plants had been relatively little attacked. 
This preference cannot certainly be attributed to the 
gland differences in the two strains and more critical 
experiments will be necessary. 

It will be noted that all these mutants have one feature 
in common—they produce simple but rather drastic 
deviations from those normal characteristics of cotton 
which might be expected to affect the sensory perception 
of the boll weevil: color, smell and surface texture. 

PossIBILITY OF SYNTHESIZING RESISTANCE TO THE 
Bott Weevit BY Metuops.—From the in- 
formation presented it may be deduced that the boll wee- 
vil is held constant to the cotton plant by a highly specific 
reaction pattern. This deduction is based on the fact that 
the insect is unable to establish itself on species outside 
the genus Gossypium, and on the preliminary observation 
that it shows preferences when offered the “choice” of 
different species of Gossypium or of different mutant 
forms of the same species. This suggests that it may be 
vulnerable to a change or combination of changes in the 
morphological or physiological characteristics of the 
cotton plant which are important in evoking its special- 
ized reaction pattern. The mutants which are available, 
and which seem to involve characters associated with 
sensory perception, may perhaps be used as tools in the 
analysis of this reaction pattern. In the first instance it is 
not important that the mutant forms in themselves shall 
confer a marked degree of resistance to weevil attack, 
nor that their effects on the plant shall be compatible 
with the economic demands of yield and quality. The 
first step is to use them as a means of identifying as 
specifically as possible those characters which are im- 
portant in the weevil’s reaction to the cotton plant. 

This is not the usual approach to a breeding problem. 
Painter (1951) has pointed out that in most of the studies 
carried out in this country on the use of resistance, the 
exact cause of resistance has been unknown. From the 
genetic point of view, however, one might suspect that for 
every attempt at breeding for insect resistance which has 
proved successful by empirical methods there must have 
been many which failed through lack of basic information. 
The relations between an insect and the plant upon which 
it is dependent for food and oviposition must usually be 
complex, so that any change in the relationship is likely 
to be dependent on the interaction of many genes. To be 
sure, a single mutation may be sufficient to impose a 
block in a specific chain of reactions, and thus confer 
resistance on the plant in which it occurs. The recessive 
gene which controls resistance to grasshoppers in corn 
(Horovitz & Marchioni, cited by Painter 1951) may be an 
example of this type, but more commonly resistance to 
insects appears to be genetically complex. 

In considering the possibility of breeding for resistance 
to boll weevil, one is therefore faced with the likelihood 
that if the components of resistance are available in the 
initial breeding stocks, they will be expressed in a 
quantitative fashion in their segregating progenies. 
Further, the components of resistance are likely to be 
present in the form of individually low-level preferences. 
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In the absence of any knowledge of the nature of the 
resistance mechanisms, the breeder is presented with a 
twofold problem. First, only a small fraction of the plants 
in any segregating progeny are likely to possess a combi- 
nation of genes which confers an appreciable degree of 
resistance. This means that an inordinate number of 
lines must be carried on for a number of generations to 
insure that a sufficient number of resistant combinations 
have been included and maintained for testing. Second, 
the possibility of recognizing resistant lines has serious 
technical limitations. Controlled infestations are difficult 
to achieve under representative field conditions—there is 
nothing quite comparable to the standard inoculation 
techniques which are available to the plant pathologist. 
This means that the degree of resistance which is ex- 
pressed in a potentially resistant line will be greatly influ- 
enced by such uncontrolled factors as the number and 
appetites of the insects and the relative proportions of 
susceptible and resistant plants in the breeding plots. 
The degree of resistance expressed by a plant in mixed 
culture need bear little relation to the degree expressed in 
pure stand. For example, it has been found that the 
resistance of certain types of cotton to jassids is greater 
when the resistant types are grown in pure stand than 
when grown in mixtures with susceptible types (Parnell 
et al. 1949). A low level of resistance might therefore be 
overlooked in breeding plots, where the resistant forms 
represented only a small fraction of the total material. 
These technical difficulties should be reduced if resist- 
ance could be associated with specific plant character- 
istics. It should then be possible first to select for the 
associated character rather than resistance itself, and 
then to test the selections for resistance in bulk, and 
preferably in isolation plots. There is also the possibility 
that individually low levels of resistance associated with 
different plant characteristics might have a cumulative 
effect combined together in one strain. At all events, in 
the case of the boll weevil problem in cotton, the availa- 
bility of characters which are apparently associated with 
low levels of preference suggests this form of approach. 
Accordingly a program has been started in Raleigh which 
has the following objectives: 
(a) To evaluate and measure preferences associated 
with specific plant characteristics. 
(b) To study the effect of the composition of a plant 
population on the degree of preference expressed. 
(c) To investigate the possibility of increasing resist- 
ance by combining different sources of preference. 
The results of these studies will be reported in later papers. 
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The Effect of Plant Hairiness of Cotton Strains on Boll Weevil Attack! 


W. K. Wannamaker, Genetics Faculty, North Carolina State College, Raleigh 


In an earlier paper in this series (Stephens 1957) the 
possibility of using genetic methods in attempting to 
control the boll weevil was reviewed, and certain objec- 
tives were presented. This paper is concerned with one of 
the objectives, namely, the evaluation of the insect’s pref- 
erence for specific genetic variants which affect the type 
and distribution of epidermal hairs in the cotton plant. 

Types or Hatriness.—Knight (1952), in his studies of 
the genetic basis of resistance of jassids (Empoasca spp. 
in Africa, showed that there are two main genes, H, and 
H», which control the amount, type and distribution of 
epidermal hairs in the New World cottons. He stated that 
the partially dominant gene, //;, provides “the core of 
jassid resistance” in the types Tanguis” and “Carpulla” 
(varieties of G. barbadense) and in “MU-8b” and “St. 
Ignatius” (varieties of G. hirsutum). He also stated that in 
G. barbadense the general production of hairs is determined 
by H, and a number of minor but independently acting 
genes, whereas in G. hirsutum it is dependent on the action 
of H; and a number of modifiers which increase hair 
length. In the absence of H, the modifiers have little 
effect. 

The length of the hairs is more important for jassid 
resistance than “hair density,” i.e. number of hairs per 
unit leaf surface (Parnell et al. 1949). These authors 
found that the hairs occurring on stems and petioles are 
of no direct importance in jassid resistance, which results 


primarily from the production of hairs of adequate length 
and density on the lower surface of the leaves. 

The H; type of hairiness was first described by Simpson 
(1947) in a mutant strain of Upland cotton (G. hirsutum). 
Later, Knight & Sadd (1954) showed that the same gene 
(or its allele) was responsible for the fine pubescence char- 
acteristic of the wild Hawaiian species, G. tomentosum. 
They found that H, is primarily a hair density gene, and 
in the absence of length intensifying factors it confers a 
dense pilosity of minute length. Because Upland cottons 
normally carry these intensifiers, H, on such a genetic 
background will give all appearances of a strong hairi- 
ness gene. Simpson described his Upland mutant as hav- 
ing “a very dense pubescence, which gave the leaves a 
whitish cast and the feel of velvet.’’ Furthermore the 
pubescence was found over the entire aerial surface of the 
plant including stems, bracteoles, bolls, and even the 
calyx and petal of the flower. The hairy factor (H:) 
shows no dominance. Simpson considered that it had a 
pleiotropic effect on lint length, but Knight and Sadd 
suggested that the association might be due to close link- 
age rather than pleiotropy. Simpson’s mutant, “Pilose,” 

1 Contribution from the North Carolina Agricultural Experiment Station. 
Published with the approval of the Director as Paper No. 787 of the Journal 
Series. Part of a thesis presented in partial requirement for the M.S. degree. 
Work planned in cooperation with the Department of Entomology, Field Crops 


and Experimental Statistics at North Carolina State College. Accepted for pub- 
lication February 12, 1957. 
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has lint of about 3 inch in length which is too short for 
norma! commercial usage. 

Thus the literature describes differences in the effects of 
the genes, H, and H2, upon the length, density and posi- 
tion of the epidermal hairs, and shows that the hairiness 
characteristic of a plant is not a lone phenomenon of the 
major gene present, but is altered according to the residual 
genetic background. In Africa, by selecting for appropri- 
ate types of hairiness it has been possible to synthesize 
iassid resistant strains from the pool of genetic material 
available. It is at least possible that the same raw mate- 
rial may be useful in developing resistance to other insect 
pests of cotton. 

MareRIALS AND Metuops.—The types used in this 
experiment included named varieties, genetic stocks, and 
F, hybrids. Their genotypes and characteristic hair pat- 
terns are shown in table 1. 

With no knowledge of what forms of hair or patterns 
of distribution might be of value in developing resistance, 
an effort was made to include all the available types with 
Upland genetic backgrounds. Representatives of the H, 
types were “MU-8”, “Uganda” and “Cambodia” which 
have been used in breeding for jassid resistance in Africa. 
The H, type of hairiness was represented by Simpson’s 
“Pilose.”’ The genetic stock, “‘A-2,”’ was included because 
it has a hairy boll, though its genotype has not yet been 
analyzed. “T-1954" and “All-in-One” lack both the 
major genes for hairiness, H, and H». The former is a 
genetic stock which was included in the experiment be- 
cause it is more hairy than the average American Upland 
cotton. The latter is a commercial variety, grown in the 
southeastern United States. Because its level of hairiness 
is typical of most varieties grown in this country, it was 
selected as the experimental check. Hybrids were made 
between Pilose and other types to study combinations of 
the H. gene with genes controlling hairiness in other stocks. 
Five of these F; hybrids were included in the experiment. 

Seedlings of the 12 types listed in table 1 were germi- 
nated in paper cups in the greenhouse and transplanted 
about the middle of May 1955 to field plots at Clayton 
Branch Experiment Station, N. C. The experimental de- 
sign used was a randomized linear (row) block, with 12 
plots replicated 10 times. Each plot consisted of a singie 
row of six plants of the same type, spaced 18 inches 
apart. The area of the field not occupied by the experi- 
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ment itself was planted in a commercial variety of Upland 
cotton. An insecticide (toxaphene) was applied on 
July 27, August 1, and August 14 to reduce the boll weevil 
population and prevent 100% infestation of the squares. 
Applications were continued after collection of data 
ceased in order to protect the bolls formed on the plants. 

The experiment, as originally planned, relied on a 
natural infestation of boll weevil. By the first week of 
July the plants were squaring but weevil damage was not 
detected. To alleviate this problem, punctured squares 
were imported from South Carolina and distributed uni- 
formly in the border cotton surrounding the experiment. 
By June 18 the experimental plots had become infested 
and observation for boll weevil damage was begun. In- 
festation counts consisted of examining squares in search 
of punctures. Squares from the middle four plants of each 
plot were observed on Monday and Friday of each week 
from July 18 onwards. The ninth and final count was 
made on August 15. Checking was begun by examining 
the full complement of squares on each plant. This pro- 
cedure was followed for the first count but, because of the 
amount of time required to check all the squares of the 
fast fruiting plants, the checking program was modified. 
After the first day from 6 to 10 squares per plant were ob- 
served on Mondays, the number checked varying with the 
size of the plant. On Fridays the observations were ob- 
tained from a restricted random sample of two squares per 
plant. When possible the squares were not taken from the 
same sympodial branch, and in all cases an effort was 
made not to select for examination squares which were ob- 
viously punctured (i.e., with discolored flaring bracteoles). 
Moreover, observations were made only upon those 
squares which appeared large enough to be attractive to 
the insect. 

Egg and feeding punctures are fairly easily distin- 
guished, the former being sealed and the latter open. The 
squares examined from each plot were scored as: 

(a) undamaged 

(b) with feeding punctures only 

(c) with egg punctures—with or without feeding 

punctures 
“Per cent damage” was calculated as the sum of (b) and 
(c) as a percentage of the total squares in the sample. 
“Percent egg damage’”’ includes (c) only. 
Since the major interest of the problem centered around 


Table 1.—The genotypes of the experimental types with description and location of their epidermal hairs. 


Location or Harrs 


Description oF Harrs Surface of Leaves Surface of Bracts 
TYPE GENOTYPE Length Density Upper Lower Inner Outer Stems Buds _ Bolls 

MU-8 hehoH\H, Very long Dense + + + + + + - 
Pilose Short Very Dense + + 4 + 
T-1954 hehohyhy Medium Sparse + + + 
Uganda hhoH\H, Long Medium + + + + 
Cambodia Long Medium +. + +. 
All-in-One hohohyhy No Appreciable Hairs 

Pilose x T-1954 H2Hhyh, Medium Dense + + + + + + ~ 
Pilose X A-2 Hohz— Medium Dense + + + + + + - 
Pilose< Uganda Medium Dense + + + + + 
Pilose X Cambodia HehoH\h, Medium Dense + + 
Pilose x Wilds Hehohyhy Medium Dense + + + + 
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Table 2.—Checking day means of the per cent damage 
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on each type, F values and least significant differences. 


CHECKING Days 


Types 1 2 3 4 5 6 7 8 9 Mean 
MU-8 31.6 42.1 77.2 36.3 15.6 2.5 41.6 64.1 49.8 39.5 
Pilose 23.8 66.3 86.5 70.0 38.9 5.0 67.8 70.0 49.3 53.0 
T-1954 34.8 71.3 86.9 81.3 47.1 18.8 64.6 90.0 80.0 63.8 
Pilose X A-2 36.2 62.5 91.2 81.3 47.5 10.0 74.8 98.7 75.6 64.2 
Pilose X Uganda 40.8 81.3 93.5 77.5 49.8 12.5 75.9 90.0 73.0 65.9 
Uganda 45.5 62.1 90.0 75.0 45.8 15.0 83.5 98.8 78.0 66.0 
All-in-One 44.4 73.8 91.6 73.8 45.1 22.9 75.6 95.0 Tt2 66.6 
Pilose X Cambodia 46.0 76.3 90.4 80.0 50.2 25.0 73.0 92.5 Tih 67.9 
A-2 43.5 64.3 89.7 84.6 48.1 23.8 78.3 97.5 88.0 68.6 
Cambodia 51.3 82.5 93.5 76.7 42.0 20.0 83.9 93.8 87.4 70.0 
Pilose X Wilds 41.7 77.5 94.7 86.3 52.5 33.0 72.5 93.8 78.4 70.0 
Pilose X T-1954 40.5 80.0 93.1 78.8 63.4 30.1 76.1 86.3 84.5 70.1 
F value 1.38 4.584 6.65" 5.68" 8.108 2.978 7.27° 18.78 11.048 
L.S.D. at 5% level — 15.0 6.6 15.4 11.0 15.5 11.6 8.4 10.7 
at 1% level — 19.8 8.7 20.4 14.6 20.5 15.2 ert 14.2 


® Significant to the 1% level. 


the different types of cotton with respect to the overall 
damage inflicted by the boll weevil, only data for the 
per cent damaged squares received statistical treatment. 
For each of the nine checking dates an analysis of variance 
was run on the per cent damage per plot (table 2). 

The error variances among the checking dates were 
heterogeneous, therefore the combined data (overall 
checking dates) were analysed by a chi-square ranking 
test following the procedure outlined in detail by Wil- 
coxon (1949). The test is one of the null hypothesis that 
the sum ranks over checking days is the same for each 
experimental type. A significant chi-square value indi- 
cates that the types compared differ in the amount of 
boll weevil damage received. The percentages used in 
the ranking test and also presented in table 2 are the 
checking date means of the per cent damage on each type 
of cotton. These were ranked in order of magnitude (table 
3) and an overall chi-square was obtained. Similar rank- 
ing tests were made in order to compare individual types 
and groups of types. 

DirFERENTIAL ResPONSES OF THE EXPERIMENTAL 
Types.—(1) Mean per cent damage and the analysis of 
variance.—The results of the nine separate checking days, 
in terms of mean per cent damage, are shown in table 2. 
The F values and LSD’s shown in the lower portion of the 
table were obtained from the analysis of variance for each 
checking day. The F values indicate a highly significant 
difference between types with regard to boll weevil dam- 
age for each of the counts except the first. 

An overall mean of the per cent damage inflicted upon 
each type is also presented in table 2. These means are 
ranked in order of magnitude for easy comparison. There 
is a large difference between the overall mean values of 
MU-8 (39.5% damage) and Pilose (53.0%). Another 
break of a smaller magnitude occurs between Pilose and 
T-1954 (63.8%). For the types T-1954 through Pilose 
XT-1954 the overall mean percentages of damage in- 
crease gradually, the differences being small. 

The curves of figure 1, which were plotted from data 
contained in table 2, show that both MU-8 and Pilose 
were damaged less than All-in-One (the experimental 
check) on each of the nine checking days. Examination 
of the curves shows that the differences in amount of 


damage between types is, in general, rather large over 
the checking days. 

The amount of egg damage in relation to total damage 
is shown in figure 2 for All-in-One, Pilose, and MU-8, 
The histograms reveal that the amount of egg punctures 
and the amount of total damage follow similar patterns 
over the checking days. They also indicate that the part 
which egg damage contributes to total damage does not 
differ among types. 

(2) Mean rank and the chi-square ranking test.—Table $ 
shows the ranks of the mean per cent damages of table 2. 
An examination of these ranks shows that MU-8 suffered 
less than the other types from boll weevil damage on seven 
of the checking days and was “‘second best” on the other 
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Fic. 1.—Per cent total damage over checking days for: a. All-in- 
One, b. Pilose, c. MU-8. Times of insecticide application indi- 
cated by arrows. 
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Table 3.—The ranks of the experimental types for each checking day and the results of the overall chi-square ranking 


test for various comparisons. 


CHECKING Days 
- OF 
TYPEs 1 2 3 4 5 6 7 8 9 Ranks 
MU-8 4 | 1 1 1 1 1 1 Q 11.0 
Pilose 1 5 Q Q < 2 3 g 1 20.0 
T-1954 8 6 3 9.5 6 6 @ 4.5 9 49.0 
Pilose X A-2 4 3 7 9.5 y 3 6 10.5 + 54.0 
Pilose X Uganda 6 ll 10.5 6 9 4 7 4.5 3 61.0 
Uganda 10 Q 5 + 5 5 12 10.5 “i 60.5 
All-in-One 9 7 8 3 4 8 8 9 5 61.0 
PiloseX Cambodia 11 8 6 8 10 10 5 6 6 70.0 
A-2 8 4 4 11 8 9 10 12 12 78.0 
Cambodia 12 12 10.5 5 3 7 11 y ll 79.0 
Pilose X Wilds 9 12 12 11 12 4+ 7.5 8 82.0 
Pilose X T-1954 5 10 9 7 12 11 9 3 10 76.0 
CoMPARISON df X? ProBaBILity LEVEL, 
All types 11 48.55 >.01 
Pilose vs MU8 1 3.78 .05-.10 
Others® 9 13.95 .10—.20 
Pilose vs T-1954 1 6.44 .01—.02 
Pilose vs mean of others 1 9.00 >.01 


8 Includes all types other than MU-8 and Pilose. 


two days. The table further shows that Pilose received the 
least damage on the first and ninth counts and was second 
best on the third, fourth, fifth, sixth, and eighth. The 
ranks into which the other types fall vary from count to 
count. 

In the lower portion of table 3, the results of the overall 
chi-square ranking test are presented. A significant chi- 
square indicates that the types compared differ in the 
amount of boll weevil damage received. The results show 
significant differences at the 1% level. Moreover, further 
comparisons point out that MU-8 and Pilose are attacked 
less by boll weevil than the other types which are not 
significantly different from one another. A comparison 
between the two better types shows that the damage 
received by MU-8 is not significantly less than that upon 
Pilose. 

Resistance TO THE Bott Weevin.—The results as 
presented in tables 2 and 3 and in fig. 1 show that (1) 
both MU-8 and Pilose are definitely more resistant to 
boll weevil attack than the other experimental types, and 
(2) types other than MU-8 and Pilose are not significantly 
different in the amount of attack suffered. 

Without further investigation it would be difficult to 
state the definite mechanism of resistance involved. How- 
ever, the data and observations of this preliminary ex- 
periment tend to indicate that the hairiness of the plant 
was involved. There were some differences in the maturity 
rates and growth habits of the various types in the 
experiment; but in general, since all types had an Upland 
background, they were near enough in appearance and 
maturity so that, at most, only a small part of the differ- 
ence in attack could be ascribed to noticeable character- 
istics other than hairiness. However, a further investiga- 
tion with the hairy factors on a segregating genotypic 
background would enable a more definite postulation 
concerning hairiness as the mechanism of resistance. 

An important feature of the data is that it requires the 
fullest expression of each type of hairiness to confer 


resistance. This is evident since the types other than 
MU-8 and Pilose showed no significant differences. Pilose 
was the only type included in the experiment which had 
the H, factor for hairiness in a homozygous condition 
and in addition, as pointed out previously, its Upland 
background carries intensifying genes for length. While 
there were several types in the experiment which had the 
homozygous H, factor, MU-8 presumably because of 
intensifiers, had both longer and more dense hairs. 

In considering the different types of hairiness prior to 
performing the experiment it was postulated that the 
position of hairs may be important in that while the boll 
weevil may readily feed upon the hairy buds of Pilose, 
these hairs might discourage oviposition. In figure 2 it 
can be seen that the histogram for per cent egg punctures 
and for per cent total damage follow strikingly similar 
patterns. Moreover, figure 2 also indicates that the part 
played by egg punctures in total damage is not different 
for the three types, MU-8, Pilose, and All-in-One. 

This, however, does not rule out the possible importance 
of the position of hairs as a factor in resistance. A com- 
parison between the different characteristics and posi- 
tions of the hairs on MU-8 and Pilose will illuminate this 
argument. MU-8 has hairs of moderate density located 
on the upper parts of the bud and upper, inner surfaces of 
the bracts, whereas Pilose has dense hairs located over 
the entire surface of the flower parts. With respect to other 
plant parts, MU-8 has both Jong and dense hairs while 
the hairs of Pilose though being very dense, are quite 
short. Thus, the resistance in MU-8 might be a phenom- 
enon primarily characteristic of the whole plant i.e. the 
long dense hairs discourage the insect from infesting the 
plant. On the other hand, though the insect may not be 
so discouraged from infesting the Pilose type plant, it 
may be further discouraged from entering and positioning 
itself in the hairy squares. Therefore, it is highly possible 
that resistance may be conditioned by three hair char- 
acteristics—length, density, and position. 
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Fic. 2.—Histograms showing the per cent total damage and the 
per cent egg damage for each of the checking days for: a. All-in- 
One, b. Pilose, c. MU-8. The total height of the column repre- 
sents total damage; the black portion represents egg damage. 


The data of this experiment indicate that “non-pre- 
ference” (Painter 1951) is the type of resistance involved. 
Antibiosis however, cannot be excluded because the 
hatchability of eggs and the growth rate of larvae, which 
could have been different for the different types of cotton, 
were not tested in this study. 

To evaluate the degree of resistance present, an exami- 
nation should be made of figure 1. The curve which 
actually represents percentages of damage can also be 
safely used as a measure of the size of the boll weevil 
population or infestation on each individual checking 
day. The build-up in the population from day 1 to day 3 
was a result of the emergence of adults from the infested 
squares placed around the experimental field and possibly 
from the emergence of hibernating adults. The decrease 
in infestation observed from day 4 to day 6 was due pri- 
marily to the application of insecticides as indicated on 
the graph and partly to the natural death of the adult 
weevils. The increase in infestation from day 6 to 8 was 
caused by the emergence of young second generation 
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weevil from previously punctured squares. It is inte resting 
to note that the expected phenomenon of an increase jn 
infestation is associated with an increase in pei cent 
damage on all types. Figure 1 shows rather consistent 
differences in per cent damage between the types at 
various levels of infestation but it seems safe to speculate 
that if insecticide had not been applied (if the population 
had been allowed to build up to even higher levels), these 
differences would have diminished. 

One should bear in mind that in this experiment, the 
population of weevils was able to build up on the more 
susceptible types in the test and in the border rows but if 
the resistant types were grown alone, subject only to their 
own build-up, they might be effectively more resistant 
than the experimental results indicate. Parnell et al. 
(1949) found this to be true with respect to jassid resist- 
ance, in that the resistant varieties of cotton showed more 
resistance when grown in general cultivation than they 
displayed in test with susceptible varieties. To state 
definitely that this would be the case if the experimental 
types resistant to the boll weevil were grown alone would 
be impossible from the results of an experiment of the 
type used in this study. The ultimate answer would in- 
volve a more thorough investigation of the interactions 
between the insect and resistance factors in the form of 
future experimentation. 

Resistance does not necessarily need to be an all or 
none proposition. Painter (1951) states that “‘it is as an 
aid to other control measures that insect resistance is 
most important and most commonly used.” Thus we do 
not need to obtain resistance in cotton to the degree that 
it will take the place of our other cultivative and in- 
secticidal measures of control; but rather there is room 
for a degree of resistance which, when used in addition 
to our present controls, may increase our ability to cope 
with the boll weevil problem. 

The results of this experiment do not exhibit a level of 
resistance sufficient for practical usage at the present 
time. However they do provide a few leads upon which 
to build a future program designed to increase the non- 
preference factors in cotton. It seems desirable to in- 
corporate into one type both H, and Hy factors in a 
homozygous condition. Moreover, Isley (1928) shewed 
that “red” cottons suffered less from boll weevil attack 
than our cultivated green plants. It would be a relatively 
simple matter to transfer this characteristic to our present 
commercial varieties. A thorough search might reveal 
other characters having a similar effect. By finding such 
non-preferred characteristics and incorporating them 
into a single plant, we could possibly build up the resist- 
ance beyond that afforded by each alone. 

Summary.—A study was initiated on the possibility 
of using hairy types of Upland cottons as a source of 
resistance to the boll weevil. Collections were made of 
Upland cottons representative of the available hairy 
types. F; hybrids were made between Pilose (H//,) and 
other hairy types. 

The parental types and F; hybrids were planted in a 
randomized block experiment in the spring of 1955. The 
experimental field was artifically infested with boll weevil. 
The principal results of this experiment may be sum- 
marized as follows: 

1. MU-8 and Pilose which carried the homozygous 
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major factors for hairiness, H, and H, respectively, 
receive significantly less boll weevil damage than the 
other types included in the experiment. 

2, Since MU-8 and Pilose carry intensifying genes for 
hairiness in addition to the major factor, resistance is not 
due entirely to the genes H; and H, but more likely to the 
presence of the major factor supplemented by certain un- 
known intensifiers. 

3, Differences in the positions and characteristics of 
hairs are discussed in relation to their possible importance 
in boll weevil resistance. 
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Studies on the Storage and Shipment of Whole Black 
Pepper Grown in the Orient! 


Ravpu T. Wurre, Slored-Product Insects Section, Agr. Market. Serv., U.S.D.A. 


Some 50,000 long tons of pepper are grown annually in 
the Orient. In general, this pepper is grown in three main 
areas: Malabar pepper in the Travancore-Cochin and 
Malabar areas on the west coast of India; Lampong in 
Indonesia, and Sarawak in Sarawak and the Malayan 
provinces. Limited amounts are grown in other areas and 


in recent years some efforts have been made to grow it in 
Puerto Rico. 

Pepper is grown in India largely as a garden crop, the 
crop raised on an estate basis accounting for about a 
fifth of the total. In India berries appear on the vine just 
after the rains of June to August and are ripe by October 
to December. As soon as the berries are ripe they are 
plucked and dried in the sun on palm-leaf or bamboo- 
split mats. The ripe berries are green in color when 
plucked and as they become black through drying in the 
sun they are packed in burlap bags for sale at nearby 
markets once or twice a week. This drying may be accom- 
plished within a single day. The pepper is then dispatched 
for sale in terminal markets such as Alleppey and Cochin 
within 10 to 14 days. The buyers at the terminal markets 
dry the pepper further if the moisture content is excessive 
and prepare it for sale to exporters. Exporters may dry 
the pepper again in the sun on clean tarpaulins or on 
cement barbecues. They then clean the pepper by remov- 
ing light weight berries, dust and other foreign matter. 
Following this cleaning or garbling process the pepper is 
dried further if necessary and then bagged in new double 
gunnies (burlap bags) and stored on dunnage mats in 
godowns (warehouses) awaiting shipment. 

The rainy season in Indonesia and Sarawak occurs 
from November to April instead of June to August as in 
India. Harvesting of Lampong pepper is mainly from 
July to October and of Sarawak from June to September, 
whereas Malabar is harvested from December to March. 
Much of the pepper is stored during the rainy season and 
because of the high humidity during this period it often 
becomes moldy under present methods of storage and 


must then be washed and redried before shipment to 
world markets. Requirements for pepper shipped to the 
United States are much more exacting than for other 
world markets. 

Some pepper reaching the United States via cargo 
ships is infested with insects that are prevalent in other 
stored products. Some also arrives in poor condition be- 
cause of the growth of mold, principally of the genus 
Aspergillus. Insect-infested or moldy pepper arriving in 
the United States is detained by the Food and Drug Ad- 
ministration and must be cleaned before being released to 
industry. The detention rate of pepper from reliable ship- 
pers in India is low. 

Most of the pepper reaching the United States is dis- 
tributed to industry through members of the American 
Spice Trade Association. Members of this Association 
have been concerned with the detentions of pepper by the 
Food and Drug Administration. A cooperative project 
was undertaken in 1953 between this Association and 
Stored-Product Insects Section, Agricultural Marketing 
Service, U. S. Dept. of Agriculture. The purpose of this 
agreement was to investigate the insect problem in im- 
ported whole black pepper as well as the possible relation- 
ship of such infestations to mold growth in the pepper. 
Some preliminary work was conducted at laboratories of 
this Section in Savannah, Georgia, Manhattan, Kancas, 
and Hoboken, New Jersey; however, most of the work 
was done at Moorestown, New Jersey. 

It was generally believed in the beginning that the 
pepper became moldy and infested with insects while en 
route to the United States. As the investigation pro- 
gressed, however, it became apparent that much of the 
trouble could start prior to shipment. Arrangements were 
thus made to obtain sealed samples of pepper directly 
from the Orient. Since the primary purpose was to bring 


1 This work was conducted under a grant of funds from the American Spice 
Trade Association. Accepted for publication February 13, 1957. 
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pepper into this country in a condition acceptable to the 
Food and Drug Administration, arrangements were made 
with that agency to accompany their inspectors to the 
ships upon arrival in New York and to obtain samples of 
pepper for detailed examinations. The sampling tech- 
niques used by these inspectors were also used by the 
writer. 

SroraGce ConpitTions ON Carco Suips.—Storage holds 
on a number of ships carrying whole black pepper from 
the Orient were examined to determine the conditions 
under which pepper is stored while en route to the United 
States. In general, it was apparent that most shipping 
companies were fully aware of the requirements for stor- 
ing pepper. An effort was made by them to meet these 
requirements, and temperature and humidity in the 
holds were watched closely while en route. Readings were 
made twice daily and an exhaust fan was started when- 
ever the readings showed the temperature of the cargo 
was approaching the dew point, thus preventing excessive 
moisture condensation. A circulating fan was kept in 
continuous operation. The pepper was stored on wooden 
platforms, off the floor and away from the sides of the 
ship. Any condensation of moisture on the sides of the 
ship would drop into a gutter and immediately be carried 
away before wetting the bags of pepper. Moist pepper 
held in storage has a tendency to heat and thus it was 
essential that pepper be dried properly prior to storing in 
the ship holds. It was apparent from examinations of 
numerous ships that conditions conducive to insect or 
mold development would develop while en route to the 
United States, if the pepper had not been properly dried, 
in spite of all efforts by ship personnel to regulate tem- 
perature and humidity in the holds. Temperature and 
humidity data taken by personnel on several cargo ships 
while en route from India to New York were examined. It 
_ was evident that the temperature of the actual cargo was 
well above that of the hold atmosphere, but that the 
relative humidity in the cargo as determined by tem- 
perature of the dew point, remained well below that in the 
holds. 

InsPECTION OF ReGuLAR SHIPMENTS OF PEPPER 
ArriIvaAL From tHe Ortent.—In order to check upon 
the condition of pepper arriving in New York from the 
Orient, hundreds of bags of pepper from 26 ships arriving 
over a two-year period were sampled and examined for 
insects, insect fragments and mold. 

Examination showed that practically all lots of pepper 
contained some living or dead psocids and mites; some 
contained living or dead beetles commonly found in other 
stored products. Some of the samples contained varying 
numbers of berries with scarred or calloused areas indicat- 
ing insect injury in the field while the berries were still 
green. When holes caused by insect feeding occurred in 
the dry berries, they were almost always within these 
scarred areas. This condition was especially pronounced 
in a sample of lightweight berries forwarded by an im- 
porter for examination. From data obtained from the 
early examinations of pepper shipped in regular burlap 
bags, it was impossible to state definitely where the insect 
trouble originated. Later examinations of pepper sent 
from the Orient in sealed containers, however, indicated 
that many of the same insects found in pepper arriving by 
ship were also present in the pepper in the Orient. 
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All lots of pepper examined from these ships contained 
at least some moldy berries and some were exceedingly 
moldy. Much of the mold was “old mold,” that is, mold 
that was still present on the berries, although not growing 
at the time of arrival. This old mold often was present oy 
pepper testing as low as 10% moisture content upoy 
arrival. Studies have indicated that the species of 
Aspergillus commonly found on whole pepper will not 
germinate on pepper at this moisture level, and thius its 
presence makes it apparent that either the mold was not 
removed entirely before shipping or that the moisture 
level was above 10% when shipped. The presence of either 
growing or dry mold is objectionable to the Food and 
Drug Administration. Considerable variation in the 
amount of mold often occurred between various lots of 
pepper on a single ship and even between the bags in 
individual consignments. 

Insect DEVELOPMENT IN WHOLE Buiack Pepper — 
Preliminary studies to determine the ability of certain 
stored-product insects to propagate in whole black pepper 
conducted at the Manhattan, Kansas, laboratory failed to 
show propagation at a temperature of 80° F. and 70% 
relative humidity. Later tests conducted at the Moores. 
town laboratory at a temperature of 86 to 88° F. anda 
relative humidity of 77 to 81% indicated that at least the 
cigarette beetle (Lasioderma serricorne (F.)), the drug. 
store beetle (Stegobium paniceum (L.)), the larger cabinet 
beetle (Trogoderma inclusum Le Conte), and the flat grain 
beetle (Laemophloeus sp.) were able to propagate in whole 
or coarsely broken black pepper. Other species such as the 
confused flour beetle (Tribolium confusum Duv.), the rice 
weevil (Sitophilus oryza (L.)), and the saw-toothed grain 
beetle (Oryzaephilus surinamensis (L.)), were able to 
persist for 2 to 4 months with questionable continued 
propagation. Larvae of the drug-store beetle and of the 
cigarette beetle when once inside whole pepper berries 
continued to develop there and finally emerged even when 
the pepper had a moisture content as low as 8.5%. 
Psocids and mites propagated readily on whole pepper at 
moisture levels conducive to mold growth. The former 
persisted in pepper at moisture levels too low to support 
mold growth, if old mold was present. 

Insects AND ArTHOPODS Founp IN 
Biack Peprer.—A wide assortment of insects and other 
arthropods was found associated with whole black pepper. 
The presence of such insects or fragments of insect mate- 
rial in regular shipments in no way pin-pointed the source 
of the infestation. The presence, however, of insects, por- 
tions of insects, frass and insect excreta, and berries with 
holes due to insect feeding, in sealed samples of pepper 
received from the Orient did prove the source of at least 
some of the forms. It is probable that if a sufficient 
number of sealed samples could have been examined, 
most, if not all, of the common stored-product insects 
would have been shown to be present prior to shipment. 

Observations indicated that most insects were re- 
moved prior to shipment when the pepper was thoroughly 
washed, cleaned and properly dried. Re-infestation ap- 
parently occurred if the pepper was held in bulk or in bur- 
lap bags for a period of time before shipping. It is like- 
wise probable that clean pepper shipped in the regularly 
used double burlap bags sometimes became infested while 
en route to New York. This is especially probable in the 
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case of psocids and mites if the atmosphere in the storage 
compartment had a relative humidity high enough to 
permit development of mold. Washing of course will not 
remove the immature stages of insects from within pepper 
berries. Thus development and eventual emergence of 
such insects could have occurred en route or even after 
arrival of the pepper at points of destination. A few living 
larvae of the drug-store and cigarette beetles were re- 
covered from within seemingly solid berries upon arrival 
in New York. Emergence of adults of these two species 
continued for almost a year when held in sealed jars. 

The presence of insects in pepper did not necessarily 
mean successful propagation in the pepper. As mentioned 
previously, some insects are able to persist several months 
in pepper. Since pepper was stored in the Orient along 
with other products, insects apparently migrated from an- 
other commodity and thus were present in pepper upon 
examination. At least 64 species of insects or other arthro- 
pods, representing 53 genera in 40 families of 12 orders, 
were found associated with whole black pepper. These are 
listed in table 1. 

Srupies Protective PyrETHRUM TREATMENTS. 
—Synergized pyrethrum dust is used to mix with grain to 
provide protection against insect infestation. Synergized 
pyrethrum applications on paper or fabric bags are also 
used to prevent invasion of commodities by insects dur- 
ing storage or transit. In both usages the rate of applica- 
tion of the pyrethrum is below the level that will produce 
insect mortality, except for the first few days after the 
bags are treated. The protection is the result of repellency 
that persists for some time. The commodity must be free 
of infestation to start with in order to receive the greatest 
benefit from these treatments. 

Laboratory tests at Savannah, Georgia, indicated that 
pyrethrum treatments might be used to protect whole 
pepper against insect invasion during shipment. Twelve 
burlap bags were therefore treated at Savannah with 
synergized pyrethrum at the calculated rate of 10 mg. of 
pyrethrins and 100 mg. of piperonyl butoxide per square 
foot. In addition, 12 cartons of synergized pyrethrum 
dust were prepared, each containing the amount required 
to treat one bag (140 pounds) of pepper at the rate of 
1:600 (106 grams of dust). The treated bags and cartons 
of dust were shipped to Cochin, India, with instructions 
for use in an experimental shipping test to the United 
States. The treated bags were filled at Cochin, India, 
with untreated pepper; untreated bags were filled with 
pepper to which the protective powder had been applied; 
and untreated bags were filled with untreated pepper as a 
check. 

The synergized pyrethrum dust failed to prevent insect 
infestation in whole black pepper while en route from India 
to the United States in this experimental shipping test. 
Some insect infestation apparently was present before the 
dust was applied and high moisture content and mold 
development interfered with the action of the dust. Sub- 
stantially more mold was present in the treated pepper, 
somewhat less in the untreated pepper in the treated bags 
and much less in the checks where neither the pepper nor 
the bags had been treated. Furthermore, the dust deposit 
was unsightly and pepper so treated would require clean- 
ing before it could be released to industry. 

Moisture DererMINATIONS.—During the course of 
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Table 1.—Insects and other Arthropods found in samples 
of whole black pepper from storages in the Orient, or from 
shipments upon arrival in New York. 


ORDER FamiLy SPECIES 
Acarina Acaridae lintneri (Osb.) 
(Mites) Cheyletidae Cheyletus malaccensis (Oud.)® 
Cunaxidae Cunaza setirostris (Herm.)* 
Erythraeidae Balaustrium sp. 
Laelaptidae Haemolaelaps magaventralis (Str.) 
Phytoseiidae Garmania sp. 
Tydeidae Tydeus sp® 
Araneida Not identifiable 
(Spiders) 
Coleoptera Anobiidae Lasioderma serricorne (F.) 
(Beetles) Lasioderma sp.* 
Stegobium paniceum (L.)* 
Bruchidae Callosobruchus chinensis (L.) 
Callosobruchus maculatus (F.) 
Chrysomelidae 
Coccinellidae 
Cryptophagidae 
(near Hapalips) 
Cucujidae Ahasverus advena (Waltl.)* 
Oryzaephilus surinamensis (L.) 
Oryzaephilus mercator (Fauvel)* 
Laemophloeus minutus (Oliv.) 
Laemophloeus sp.® 
Curculionidae Sitophilus oryza (L.) 
Dermestidae Attagenus piceus (Oliv.) 
Anthrenus verbasci (L.) 
Thylodrias contractus (Mots.) 
Trogoderma inclusum 
Trogoderma sp® 
Lathridiidae Microgramme sp.* 
Holoparamecus kunzei (Aube) 
Corticaria 
Mycetophagidae Typhaea stercorea (L.) 
Scolytidae Xyleborus sp: 
Tenebrionidae Xyleborus sp.® 
Tribolium castaneum (Hbst.)* 
Tribolium confusum (Duv.)® 
Collembola Not identifiable* 


(Spring-Tails) 


Corrodentia Liposcelidae Liposcelis entomophilus (End.)* 
(Book lice) Liposcelis granicola (B. and H.) 
Liposcelis bostrychophilus (Bad.)* 
Liposcelis hospes 
Liposcelis terricolis (Bad.) 
Peripsocidae Ectopsocus sp.® 
Diptera Phoridae 
(Flies) Chloropidae 
Drosophilidae Drosophila melanogaster (Mg.) 
Drosophila sp.* 
Lonchaeidae Lonchaea polita (Say) 
Hemiptera Anthocoridae Cardiostethus rugicollis (Champ.)" 


(True bugs) 


Hymenoptera - 
(Ants, bees, etc.) 


Formicidae 


Pteromalidae 


Camponotus sp. 

Lasius sp. 

Pheidole sp.* 

Solenopsis geminata rufa (Jerd.) 
Solenopsis sp. 

Sphegigaster sp.* 


Chalcidoidae 
Cynipidae Eucila or Kleidotoma sp. ’ 
Platygasteridae 
Isoptera Rhinotermitidae Reticulitermes flavipes (Kol.) 
(Termites) Kalotermitidae Cryptotermes sp.* 
Lepidoptera Gelechiidae Sitotroga cerealella (Oliv.)* 
(Moths) Phycitidae Ephestia sp.* 
Tineidae Setomorpha rutella (Zell.) 
Pseudoscorpionida Not identifiable® 
(Scorpions) 
Thysanura Lepismatidae Lepisma sp. 
(Silverfish) 


® Specimens taken from sealed samples of pepper from the Orient. Most of 
the species were also recovered from regular commercial shipments. 


these studies over 500 moisture determinations were 
made by the toluene distillation method on samples of 
pepper arriving on ships or in sealed containers from the 
Orient. In addition, some 50 determinations were made by 
the oven method to establish the degree of agreement be- 
tween the two techniques, since both methods are in use 
in the pepper trade. The oven method gave readings 
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averaging approximately 0.5% higher than the toluene 
distillation method, the one recommended by the Ameri- 
can Spice Trade Association. The higher readings shown 
by the oven method may have been the result of some 
loss of volatile oils. No tests were run with the Brown- 
Duvel method employing lubricating oil, since results 
obtained by this method are not considered reliable by the 
American Spice Trade Association. 

Reaction oF Buiack Peprer to Various 
Humipity Levers in StoraGe.—Since both insect and 
mold development are influenced by the level of moisture 
content in the commodity, extensive laboratory tests were 
conducted at a temperature of 86 to 88° F., to determine 
the reaction of whole black pepper when stored in atmos- 
pheres of different relative humidities. These relative 
humidities were maintained by using H.SO, or super- 
saturated solutions of various salts. 

The studies demonstrated that pepper tends to reach 
an equilibrium in moisture content which is governed by 
the relative humidity of the atmosphere in which it is 
stored. Pepper exposed in atmospheres up to 94% relative 
humidity appeared to reach an equilibrium in moisture 
within 50 days and remained at this level. Above this 
relative humidity there was a slightly different re- 
action in that the pepper gradually increased to 32% 
moisture at the end of 120 days and to 36.5% after 
150 days. Figure 1 shows the equilibrium moisture 
content of pepper at various relative humidities. Pep- 
per stored in an atmosphere of 72% relative humidity 
leveled off at approximately 12% moisture, and in an 
atmosphere of 67% relative humidity at about 11% mois- 
ture. Little, if any, mold growth occurred when pepper 
which was free of all surface mold and containing 12% 
or less of moisture was stored in atmospheres not exceed- 
ing 72% relative humidity. Pepper containing 13% or 
more of moisture when placed in storage, supported some 
mold growth before leveling off to a lower moisture con- 
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Relative humidity (percent) 
Fic. 1.—The equilibrium in moisture content of whole pepper 


reached after 50 days storage at various levels of relative 
humidity. 
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tent, even at relative humidities of 72% or less. The pres. 
ence of old mold on some of the incoming pepper was 
probably due to such a condition, since often the mois. 
ture content of such moldy pepper was well below that 
required for mold growth. Pepper free of all surface mold 
and dried to 11% moisture content remained free of mold 
as long as its moisture content was not increased. 

SELECTION OF A LINER FoR Bacs.—Becauise of 
the reaction of whole pepper to atmospheric moisture, it 
was felt that a moisture-resistant material used as a liner 
within the double burlap bags regularly used for pepper 
might prevent excessive moisture pick-up by the pepper 
while in storage and while in transit. In an attempt to 
determine the type of material best suited for such use in 
the storage of whole pepper in atmospheres of high  rela- 
tive humidities, numerous types of moisture Vapor 
barriers were investigated. It was found that polyethylene 
was the most practical of the materials tested from the 
standpoint of effectiveness, cost, and durability in han- 
dling. 

Laporatory Stuptes ON Moisture CHANGE IN 
PoLYETHYLENE Liners.—Extensive laboratory tests indi- 
cated that a polyethylene film used asa liner in the regular 
double burlap bags was satisfactory for use in storing 
whole pepper. These tests were conducted under condi- 
tions simulating those in India during monsoon seasons, 
namely, relative humidities of 84 to 100% and a tempera- 
ture of 86 to 88° F. These tests demonstrated that whole 
black pepper, free of visible surface mold and dried toa 
moisture content of 11% or less, could be stored for at 
least 5 months without development of mold in atmos- 
pheres of high relative humidities, in double burlap bags 
lined with polyethylene. The increase in moisture con- 
tent that occurred was in relation to the thickness of the 
polyethylene liners. A 4-mil film was three times as effec- 
tive, and a 3-mil film was twice as effective as a 2-mil 
film. 

The amount of moisture gained per unit of surface 
area of the small bags used in the laboratory tests was 
projected for the surface area of a bag holding 140 
pounds of pepper as used in actual storage. These calcula- 
tions are presented graphically in figure 2. 

Not all of the pepper harvested each season is shipped 
during the year it is grown. This necessitates the storage 
of some through more than one rainy season. Laboratory 
tests demonstrated that pepper increased slightly in mois- 
ture content when stored in polyethylene-lined burlap 
bags in the high humidities prevailing in the Orient during 
rainy seasons. It thus seemed desirable to determine the 
possible loss of moisture through such bags during dry 
seasons when the humidities are lower. Tests were there- 
fore conducted at relative humidities of 35, 43, 50 to 55, 
and 60 to 62%. Data from these tests indicated that the 
moisture gained during the 3 to 4 months of the rainy 
season would be lost during the subsequent longer dry 
season. On this basis, properly dried pepper can be stored 
in such bags through more than one rainy season without 
danger of mold growth. 

Stupres Sun Dryine or WHOLE Buiack PEpPPER.— 
Most of the pepper in the Orient is dried in the sun after 
garbling. Tests simulating this procedure were conducted 
in which very moldy whole black pepper of 18% moisture 
content was washed to remove surface mold. The pepper 
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Fic. 2.—Theoretical gain in moisture of whole Malabar pepper when stored at a temperature of 86-88° F. in atmospheres of 84-90 
and 100% relative humidities, in double burlap bags of 140 pounds capacity and containing 2-, 3-, and 4-mil polyethylene liners. 


was then spread in layers of }, } and ? inch in thickness on 
coarse Wire screens and on wooden platforms. It was 
exposed to sunlight in a greenhouse, to simulate tropical 
conditions. No difficulty was experienced in reducing 
the moisture content to less than 10% within an 8-hour 
period in full sunlight and at air temperatures of 96 to 
120° F. Neither placing the pepper on screen platforms 
nor stirring it at intervals hastened the rate of drying that 
occurred on the solid wooden platforms. 

Tests witH Sorsic as A 
Sorbie acid incorporated in the lining of cheese wrappers 
effectively inhibits mold growth on cheese and has been 
shown to migrate from the wrapper into the cheese. On 
the basis of its effectiveness on cheese, the possibility of 
its use as an inhibitor of mold on whole pepper was in- 
vestigated. Heavy applications of sorbic acid applied as a 
dust concentrate to whole pepper berries prevented exces- 
sive mold development in closed glass containers but 
failed to prevent the growth of mold on pepper stored in 
burlap bags in atmospheres of high relative humidities, 
even when the bags as well as the pepper were treated. 

Storace AND Suippinc Tests witH 2-Min Poty- 
ETHYLENE LinErs.—Laboratory testsindicated that fresh- 
ly washed, high-moisture-content pepper could be dried 
easily in the sun to 10% or less in moisture content. Also 
such pepper when washed and then dried to 11% moisture 
or less could be sealed in tight containers and stored in- 
definitely without growth of mold. On the basis of these 
observations, five 2-mil polyethylene bags were for- 
warded to a pepper operator in India prior to the 1954 
monsoon season with instructions for their use as liners 
in double burlap bags. These polyethylene liners were 
slightly larger than the burlap bags so that when filled 
with pepper the resulting outward pressure of the 


pepper would be against the stronger burlap material. 
Moisture tests of the pepper by toluene distillation were 
made in India at the time of bagging. Sealed samples of 
the Malabar pepper used in the test were forwarded from 
India to the Moorestown laboratory where additional 
tests were made. Results of these determinations were 
compared with those made in India and later with those 
of the pepper from each of the 5 polyethylene-lined bags 
after they had been stored through an entire rainy season. 
Prior to bagging, the pepper was washed free of sur- 
face mold by the regular garbling process, then dried in 
the sun to approximately 10% moisture content. It was 
then placed in the polyethylene-lined double burlap bags. 
The polyethylene liner was sealed by tying, and the bur- 
lap bags were then sewed shut in the customary manner. 
These filled bags were then stored in regular storage 
through the entire rainy season. Following the rainy sea- 
son the bags of pepper were removed from storage and 
shipped unopened to New York on September 30, 1954, 
arriving on November 1, 1954. Moisture determination 
upon arrival showed the pepper had increased about 0.5% 
in moisture during the entire period of storage and sub- 
sequent shipment. Some of the polyethylene liners were 
damaged, either by rough handling at the time of unload- 
ing or by pressure of the pepper. No mold was present on 
the pepper in these bags. Pepper stored and shipped in 
the unlined double burlap bags normally used arrived in 
the same shipment and some of it was exceedingly moldy. 
LarGE-SCALE STORAGE AND Suippinc Test witH 3- 
Mit PotyeTtHyLene Liners.—The satisfactory results 
attained in the test using the 2-mil polyethylene liners led 
to a more extensive test. Since laboratory data showed 
the 3-mil polyethylene material superior to the 2-mil, 
both in resistance to moisture exchange and in durability, 
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it was chosen for this large-scale field test. An experiment 
was planned in which each of three operators in India 
would store 2} tons of Malabar pepper; each of two opera- 
tors in Indonesia, 2} tons of Lampong pepper; one opera- 
tor in Sarawak, 2} tons of Sarawak pepper; and one 
operator in Singapore, another 2} tons. A sufficient num- 
ber of 3-mil polyethylene liners were forwarded by the 
American Spice Trade Association to each operator for 
use in storing pepper during the 1955-1956 rainy season 
in the respective pepper growing areas. The liners for 
Malabar and Lampong pepper were 28” X55” while those 
for Sarawak pepper were 31"X55". Only the test con- 
ducted in India was completed at the time these data 
were assembled, therefore the results from the other 
areas are not included. 

Each of the three operators in India dried 2} tons of 
Malabar pepper (40 bags) to approximately 10% mois- 
ture content. This pepper was then placed in double bur- 
lap bags lined with 3-mil polyethylene liners and placed 
in storage prior to the 1955 monsoon season. 

In order to check on the behavior of the pepper in these 
bags during the rainy season, one of the operators re- 
moved five lined bags of pepper each month during the 
storage period and shipped them to the United States. 
Upon arrival in New York, each of the bags was examined 
for evidence of mechanical injury to the liners, method of 
sealing, mold condition and moisture content of the 
pepper. Three such 5-bag lots were forwarded and 
examined. The balance of the 25 lined, as well as two 
unlined check, bags of pepper stored by this operator 
was removed from storage at the end of the rainy season 
and shipped unopened to New York, arriving on October 
11, 1955. Upon arrival, each of the bags of pepper was 
examined carefully. Results of moisture determinations 
made upon arrival were compared with those made in 
India by the same method at the time the pepper was 
placed in storage, as well as with the results of determina- 
tions made on the pepper in the sealed samples forwarded 
at the time of bagging. 

The pepper stored by the other two operators in India 
was removed from storage at the end of the monsoon sea- 
son and shipped to the United States. Detailed examina- 
tions were made of this pepper upon arrival in the same 
manner as above. 

All of the pepper in this test stored in India by each of 
the three operators arrived in New York in excellent con- 
dition following storage and subsequent shipment. Exami- 
nation of the pepper upon arrival showed an increase of 
only 0.3 to 0.4% in moisture content, with no increase in 
insect infestation or growth of mold. Pepper held through 
the monsoon season in unlined burlap bags was exceed- 
ingly moldy and contained some insect material. Very 
little evidence of mechanical injury to the 3-mil poly- 
ethylene liners was observed other than a few holes made 
by the loading hooks used at the time of unloading the 
cargo in New York. 

Resistance OF PotyetHYLENE Liners To 
sect PENETRATION.—Since laboratory and field tests 
showed conclusively that whole black pepper when 
properly dried can be stored without growth of surface 
mold in double burlap bags with sealed polyethylene 
liners, it seemed desirable to make some observations on 
the resistance of such bags to insect penetration. Explora- 
tory laboratory tests were thus conducted to determine 


Vol. 50, No, § 


the resistance of polyethylene film to such penetration, 
Small bags made from 2-, 3- and 4-mil polyethylene were 
filled with a food favored by stored-product insects and 
placed in jars containing cultures of test insects. These 
cultures were held at a temperature of 84 to 86° F. anda 
relative humidity of approximately 80% for a period of 4 
months. It was shown that at least the cigarette beetle, 
the drug-store beetle and a species of flat grain beetle 
could penetrate the three gauges of polyethylene material 
tested. These tests were not conclusive, and although the 
insects penetrated the polyethylene in this test to reach 
their favored food, it seems doubtful that they would be 
attracted to the same degree by whole pepper. In complex 
populations of stored-product insects, it is apparent that 
even though a species may be unable to penetrate the 
material, it could gain entrance through holes made by 
other species that were able to penetrate the bag. 

Conciusions.—These studies showed that psocids, 
mites and some species of stored-product insects prop- 
agated readily in pepper testing above 13% in moisture 
content. Such pepper was also shown to be subject to 
excessive growth of mold (Aspergillus sp.). Investigations 
showed that garbling, a washing process in general use in 
all pepper-growing areas in the Orient, removed most sur- 
face mold, insects, and foreign material, and that whole 
pepper could be dried easily in the sun to 10% or less in 
moisture content. Pepper not exceeding 11% of moisture 
was stored in sealed containers without insect develop- 
ment or growth of mold. Pepper stored in buik or in bur- 
lap bags tended to reach an equilibrium in moisture con- 
tent, governed by the relative humidity of the atmosphere 
in the storage area. Pepper at an initial moisture content 
of 11.5% and free of surface mold, remained at this level, 
insect- and mold-free, when stored in an atmosphere of 
70% relative humidity. 

RECOMMENDATIONS.—Polyethylene films are suffi- 
ciently moisture-resistant to permit their use as liners in 
the regularly-used double burlap bags, even under mon- 
soon conditions. 

On the basis of these studies, the following procedures 
are recommended for storing and shipping whole black 
pepper: 

1. All mold and insects should be removed from the 
pepper berries by garbling, at a time when the 
pepper can be dried to less than 11% moisture con- 
tent, and prior to storage. The toluene distillation 
method should be used to determine moisture con- 
tent. 

. After drying, the pepper should be placed in double 
burlap bags with polyethylene liners, preferably 3 
mils (0.003”) or greater in thickness. The liners 
should be slightly larger than the bags, to permit the 
strain to be taken by the burlap bags. A liner 
28" X55" is suggested for Malabar and Lampong 
pepper, and 31” 55” for Sarawak pepper. 

. The liners should be double tied with strong cord 
i.e., tied once, then the loose end folded over and 
tied again, and should be independent of the outer 
bag. 

. The burlap bags should be sewn shut in the regular 
manner, without puncturing the liners. 

. The filled bags should be handled in storage or 
transit with proper precautions to prevent punctur- 
ing the liners. 
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Adsorption of DDT, Methoxychlor and Some Related Compounds 
on Insecticide Dust Diluents and Carriers! 


Donap E. WrerpHAAS 


The effective and efficient use of insecticidal dusts, 
wettable powders and granulated formulations for the 
contro! of insects is dependent upon a complexity"of fac- 
tors. These include, in addition to the habits of the insects 
themselves and the biological environment, the properties 
of the ingredients of the formulations and the behavior of 
these ingredients through the various stages of prepara- 
tion, formulation, storage, application, and actual contact 
period in the biological environment. A great deal of re- 
search has been undertaken to study problems arising in 
the use of these formulations. To date, however, most of 
this work has involved laboratory experiments and field 
studies employing empirical testing procedures. Although 
a great deal of information and data have been accum- 
ulated, the ability to understand or predict the effective- 
ness and behavior of these types of formulations for a 
particular control problem on the basis of their physical, 
chemical, and structural properties is lacking. 

Recent developments in the field of economic entomol- 
ogy indicate that a more fundamental knowledge of these 
types of formulations, based on the physical, chemical, 
and structural properties of the ingredients is needed. The 
number of both the insecticides and the diluents and 
carriers that are available for formulation is very large 
and continues to increase. Insecticidal formulations are 
being used for more specific control problems. Develop- 
ment of new formulations requires empirical testing pro- 
cedures trying various combinations of materials. More 
fundamental studies of the properties and interactions of 
the ingredients of these formulations should eventually 
lead to the ability to predict the best formulation for a 
given control problem. 

For these reasons experiments have been undertaken 
to study the interaction of certain insecticides and related 
compounds on the surfaces of typical diluents. The meth- 
od of studying this interaction was that of adsorption of 
the insecticides and related compounds on the surfaces of 
the diluents from organic solvents. The purpose of the 
study was to determine: (1) if there was any measurable 
amount of adsorption, (2) if the amount of adsorption 
varied with different insecticides and related compounds 
and with different diluents, (3) if the adsorption was a 
nonspecific interaction or a specific chemical interaction, 
and (4) if the amount of adsorption could be correlated 
with the properties of the diluents. 

MarTertaLs AND Metuops.—Five specific diluents were 
vlected for these studies. These were Panther Creek 
Bentonite (a montmorillonite), Diluex A (an attapulgite), 
Barden Clay (a kaolinite), Celite 209 (a diatomaceous 
earth), and Pyrax ABB (a pyrophyllite). These particular 
five materials were selected for several reasons. Each of 
the five materials is a commercially available product. 
Each represents a different mineral group with widely 
differing structure and properties to which a large major- 
ty of the commercially available diluents and carriers 
belong. Since it was impossible to study all diluents and 
carriers these were chosen as typical. Diluents were oven- 
dried at 105 to 110° C. for 48 hours and stored in a 
desiccator over anhydrous CaCl, prior to testing. They 


were weighed as rapidly as possible to keep uptake of 
atmospheric moisture to a minimum. 

The insecticides and related compounds chosen for 
study were DDT, methoxychlor, DDE, (1,2-dichloro-2,2- 
bis (p-chlorophenyl)ethylene), methoxy-DDE (1,1-di- 
chloro-2,2-bis (p-methoxypheny]) ethylene), and DDA 
(2,2-bis(p-chlorophenyl) acetic acid). These particular 
five materials were selected because they all possess the 
same basic structure (two phenyl groups and an ethane 
group) with different functional groups within this struc- 
ture. All of the insecticides and related compounds were 
purified for use in these studies. 

The amount of adsorption was tested in the following 
manner. Appropriate amounts of an organic solvent, 
hexane, and a stock solution containing the insecticides 
or related compounds in hexane were added by quantita- 
tive delivery from burets to glass-stoppered reagent 
bottles to give solutions of the desired concentrations. 
Each solution was prepared so that it could be sampled 
for a determination of the equilibrium concentration and 
exactly 50 ml. of solution would remain for the test. Five 
gms. of the adsorbents (diluents) were added to these 
solutions. The resulting suspensions were shaken by hand 
to allow for adsorption, the powder allowed to settle, and 
the supernatant liquid was sampled for the determination 
of the final concentration by pipetting a known amount 
of solution for analytical determination. During these 
experiments the amount adsorbed was determined at 
various times. These were 1, 24, and 48 hours. For 1-hour 
determinations the suspensions were shaken by hand at 
10 minute intervals for the 1 hour. For 24-hour measure- 
ments suspensions were shaken the same as the 1-hour 
samples, then were allowed to stand for 22 hours and again 
shaken at 10-minute intervals for 1 hour. Forty-eight hour 
determinations were treated the same as the 24-hour 
samples, except after the second shaking they were 
allowed to stand 23 hours and then shaken again at 10- 
minute intervals for 1 hour. The amount adsorbed was 
calculated from the difference between the initial and final 
concentration. Facilities did not allow for temperature 
control, hence experiments were conducted at room tem- 
peratures. Some variations from the general procedure 
were necessary as the experiments progressed. These are 
given in appropriate sections. 

DDT, DDE, and DDA were determined analytically 
by the modified Schechter method described by Downing 
& Norton (1951), The analytical method used for 
methoxychlor and methoxy-DDE was that of Fairing & 
Warrington (1950). 

EXPERIMENTATION.—Limited preliminary studies of 
adsorption were conducted using methoxy-DDE and 
DDT as adsorbates, Diluex A and Barden Clay as adsorb- 
ents, and hexane and 95% ethanol as solvents. The ad- 
sorbents were tested when they had received no pretreat- 


1 Accepted for publication February 13, 1957. The work for this paper was 
carried out while the author was a graduate student at Cornell University. He 
is presently employed in Orlando, Florida, with the Insects Affecting Man and 
Animals Section of the Entomology Research Division, Agricultural Research 
Service, U. S. Dept. of Agriculture. 
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ment and when they had been oven-dried for 48 hours at 
110° C. These tests showed that under similar conditions 
methoxy-DDE was adsorbed to a greater extent than 
DDT on both of the diluents. Diluex A adsorbed more of 
the two adsorbates under similar conditions than Barden 
Clay. There was appreciable adsorption from hexane 
solution, while there was little or no adsorption measured 
from ethanol solution. Under similar conditions the 
amount of adsorption was greater when the adsorbents 
had been oven-dried. Since it was desired to study the 
interaction under conditions of maximum amount of 
adsorption, the remaining experiments were conducted 
using hexane solutions of the adsorbates and oven-dried 
samples of the adsorbents. 

The first series of tests was the determination of adsorp- 
tion curves of the amount of DDT and methoxy-DDE 
adsorbed on the five diluents or carriers. Little is known 
about the effect of different types of diluents and carriers 
on adsorption. In general the nature and the extent of the 
surface area of these materials will affect the amount of 
adsorption. However, no specific data is available to show 
the importance and relationship of these two factors. 

The amount of DDT absorbed from hexane solutions of 
varying concentrations on the surfaces of Panther Creek 
Bentonite, Diluex A, Barden Clay, Celite 209, and Pyrax 
ABB was determined. Since it was found in the prelimi- 
nary experiments that DDT was adsorbed to only a slight 
extent, it was necessary to adjust the amount of the 
diluents added so that an amount of adsorption would be 
obtained that could be measured within the limits of the 
analytical method. Ten grams of Panther Creek Bento- 
nite, 10 grams of Diluex A, 20 grams of Barden Clay, 20 
grams of Pyrax ABB, and 5 grams of Celite 209 (the bulk 
of this material restricted the amount that could be used 
to 5 grams) were added to a total of 50 milliliters of solu- 
tion for each determination. The amount of DDT ad- 
sorbed was determined after 1 hour. 

Figure 1 gives the results of the tests with Panther 


Diluex A 

Panther Creek Bentonite 
Barden Clay 

Celite 209 


Amount Adsorbed 
milligrams/ gram 
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Creek Bentonite, Diluex A, Barden Clay, and Celite 209. 
Under the conditions of this experiment there was no 
measurable adsorption of DDT on the surface of Pyrax 
ABB. Values given for Diluex A are the average of three 
tests run simultaneously. All others are the average of 
two simultaneous tests. Adsorption of DDT was obtained 
on the surfaces of Panther Creek Bentonite, Diluex A, 
Barden Clay, and Celite 209. In general, the amount of 
adsorption increased with increasing concentration for 
all four materials. Plots of the amount adsorbed in milli. 
grams per gram versus the equilibrium concentrations jp 
micrograms per milliliter and the fact that no adsorp. 
tion was measured on Pyrax ABB, show that DDT was 
adsorbed from hexane solution in the following order: 
Diluex A >Panther Creek Bentonite > Barden Clay >or 
= Celite 209 >Pyrax ABB. It is interesting to note that 
at low concentrations the amount of adsorption on both 
Diluex A and Panther Creek Bentonite was approxi- 
mately the same. However, Diluex A adsorbed more at 
higher concentrations. 

The amount of methoxy-DDE adsorbed from hexane 
solutions of varying concentrations on the surfaces of the 
five diluents and carriers was next studied. In these 
experiments 5 grams of the diluents and carriers per 50 
milliters of test solutions were used for all determina- 
tions. During these experiments the production of color 
on the surfaces of Panther Creek Bentonite, Diluex A, 
and Barden Clay was observed when methoxy-DDE was 
adsorbed on these materials. When oven-dried samples of 
these three materials were added to hexane solutions of 
methoxy-DDE, Panther Creek Bentonite and Diluex A 
turned a reddish color of low brilliance and Barden Clay 
turned a bright pink. Upon standing several hours the 
Barden Clay turned to lavender, but there was no change 
in color observed with Panther Creek Bentonite or Diluex 
A. In all cases the supernatant solution remained color- 
less. There was no color development observed on Celite 
209 or Pyrax ABB. Because of this color production, the 


Equilibrium Concentration 
micrograms /milliliter 


Fie. 1.—Adsorption of DDT on four types of diluents from hexane solutions. 
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Fic. 2.—Adsorption of methoxy-DDE on four types of diluents from hexane solutions. 


equilibration period for adsorption was increased to 24 
hours. 

The results of these determinations are given in figure 
2, No appreciable adsorption was measured on Pyrax 
ABB so this material is not included in the graph. The 
amount of methoxy-DDE adsorbed on the five diluents 
and carriers was in the following order: Diluex A >Pan- 
ther Creek Bentonite > Barden Clay >Celite 209 > Pyrax 
ABB. The amount adsorbed increased with increasing 
concentration. As was found for the adsorption of DDT, 
Diluex A and Panther Creek Bentonite adsorbed approxi- 
mately the same at lower concentrations, but Diluex A 
adsorbed more than Panther Creek Bentonite at higher 
concentrations. The adsorption curve for Panther 
Creek Bentonite is the only one which leveled off at 
the higher concentrations tested. Comparison of figures 
land 2 shows that methoxy-DDE was adsorbed to a 
much greater extent than was DDT. 

The production of color on the surface of the diluents 
indicates that reaction on the surface occurs upon adsorp- 
tion. Consequently, another experiment studying the 
adsorption of methoxy-DDE on the surfaces of Panther 
Creek Bentonite, Diluex A, and Barden Clay was set 
up to test the amount of adsorption after 1 hour, 24 
hours, and 48 hours. Furthermore, the occurrence of re- 
action on the surface of these materials suggests the 
possibility that catalytic change occurs upon adsorption. 
Therefore, determinations of per cent recovery of meth- 
oxy-DDE were included. 

In this experiment the same method was used as in 
the previous tests with DDT and methoxy-DDE. How- 
ever, initial concentrations were not determined analyti- 
cally, but were calculated from dilution of the stock solu- 
tion, Six concentrations in duplicate were tested for 
adsorption of methoxy-DDE on each of the three dilu- 
ents. At | and 24 hours some samples were sacrificed to 
determine the per cent recovery of methoxy-DDE. The 
per cent recovery was determined by adding a known 


amount of acetone to the suspensions and then sampling 
the liquid for determination of methoxy-DDE. When 
acetone was added to suspensions of these materials the 
color on the surface disappeared and the powders were 
again their original color. After 24 and 48 hours equilibra- 
tion period a faint yellow color was observed in the ace- 
tone extracts for all three diluents and carriers. The yel- 
low color was not observed in the acetone extracts after 
only 1 hour equilibration. 

Table 1 gives the results of these experiments. The 
amount of methoxy-DDE adsorbed agreed with the re- 
sults obtained in the previous experiment. There was 
little or no change in the amount adsorbed over the time 
intervals tested. The presence of a yellow color in acetone 
extracts observed after 24 and 48 hours indicates that 
some type of catalytic change occurred in addition to the 
color reaction on the surface. The results of the per cent 
recovery studies are erratic. They indicate that loss of 
methoxy-DDE has occurred, but do not show distinct 
difference between the diluents. 

A qualitative test was conducted to determine if any 
color development on the surface or in an acetone extract 
could be observed for the three diluents when they had 
not been oven-dried. A 2-gram sample of each of the 
three diluents was added to solutions of methoxy-DDE in 
hexane (20 ml of solution of a concentration of 5,000 
y/ml). Under these conditions there was no color develop- 
ment on the surface or in acetone extracts after 24 hours 
equilibration. 

These tests have shown that methoxy-DDE is adsorbed 
to a much greater extent than DDT. Further tests were 
conducted to study the difference in the amount of adsorp- 
tion caused by the nature of the insecticide molecule. The 
amount of DDT, DDE, and methoxychlor adsorbed from 
hexane solution on the surface of all five diluents was 
tested. DDA was not soluble to any appreciable quantity 
in hexane so that its adsorption was studied from benzene 
solution. The amount of DDA adsorbed was tested on 3 
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Table 1.—Adsorption of methoxy-DDE on three mineral types of diluents from hexane. 
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No data. 


of the 5 diluents. Methoxy-DDE adsorption was tested 
on 3 of 5 diluents from both hexane and benzene solution. 
This was done so that the amount of DDA could be com- 
pared with the amount of the other insecticides and 
related compounds adsorbed. 

Because of the possibility of reaction and catalytic 
change on the surface of the adsorbents the final concen- 
tration and the per cent recovery were determined after 1 
hour and 24 hours equilibration, with the exception of 
DDA which was studied only at 1-hour equilibration. In 
all tests except those with DDA, suspensions of the ad- 
sorbates and adsorbents were prepared in duplicate con- 
taining 5 grams of the oven-dried powder per 50 milli- 
liters of the solutions. After 1 hour the supernatant liquid 
of one of the duplicates was tested for concentration of 
insecticide or related compound. Acetone was added to 
replace the adsorbate from the surface and the per cent 
recovery was measured. The remaining suspensions—one 
replicate for the adsorbates and adsorbents—were 
allowed to stand approximately 22 hours, shaken, and 


sampled as before to determine the equilibrium concen- 
tration and the per cent recovery. Each value reported is 
the average of two tests. 

The results of the experiments are summarized in table 
2. The adsorption of DDT and methoxy-DDE on the sur- 
face of the five minerals agreed with the results obtained 
in the previous experiments. DDE was adsorbed to a less 
extent than was DDT. No adsorption was measured 
under the conditions of these experiments of DDE on 
Barden Clay, Celite 209, and Pyrax ABB. Adsorption 
of DDE was obtained on Panther Creek Bentonite and 
Diluex A. The variability in adsorption of these two 
materials is probably the result of the limitations of the 
analytical technique. Methoxychlor was adsorbed by all 
five minerals to approximately the same extent 4s 
methoxy-DDE. The results indicate that methoxychlor!s 
adsorbed a little more than methoxy-DDE. Whether this 
difference is significant or not, is not known. All of the five 
diluents adsorbed in the order shown in the preceding 
section: Diluex A>Panther Creek Bentonite > Barden 
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———. Table 2.—Adsorption of DDT, DDE, Methoxychlor, Methoxy-DDE, and DDA on five mineral types of diluents. 
1 Hour 24 Hours 
INITIAL Final Amount Final Amount 
r Cent CONCEN- Concen- Ad- Concen- Ad- 
povery TRATION tration sorbed Per Cent tration sorbed Per Cent 
y/MI. Mg./Gm. Recovery Mg./Gm. Recovery 
81 
81 Panther Creek Bentonite 3060 2580 4.8 96 2520 5.4 95 
85 Diluex A 3060 2250 8.0 99 2160 9.0 98 
S4 Barden Clay 3060 2790 2.8 97 2790 2.8 100 
a Celite 209 3060 2880 1.8 98 2850 2.0 98 
92 Pyrax ABB 3060 3060 0.0 99 3060 0.0 99 
x DDE 
2 Panther Creek Bentonite 3030 2850 1.9 101 2250 7.9 101 
_ Diluex A 3030 2550 4.9 102 2475 5.6 102 
Barden Clay 3030 3060 +0.3 101 3000 0.3 103 
Celite 209 3030 3000 0.3 101 3060 +0.38 101 
Pyrax ABB 3030 3000 0.3 97 3060 +0.3 101 
METHOXYCHLOR 
Panther Creek Bentonite 3100 1525 15.8 69 1325 17.8 53 
5 Diluex A 3100 250 28.5 83 175 29.2 68 
8 Barden Clay 3100 1900 12.0 94 1800 13.0 85 
7 Celite 209 3100 2100 10.0 99 2000 11.0 95 
0 Pyrax ABB 3100 2950 1.5 95 3000 1.0 97 
METHOXY-DDE 
From Hexane: 
: Panther Creek Bentonite 3250 1800 14.3 93 1600 16.3 93 
i Diluex A 3250 440 27.9 100 420 28.1 97 
: Barden Clay 3250 2500 7.3 100 2200 10.3 97 
From Benzene: 
Panther Creek Bentonite 3225 3100 1.2 102 2900 3.2 97 
Diluex A 3225 3000 2.2 105 2900 3.2 103 
Barden Clay 3225 3400 +1.8 102 3300 +0.8 104 
DDA 
Panther Creek Bentonite 2790 1600 11.9 73 
! Diluex A 2790 860 19.3 78 
: Barden Clay 2790 2110 6.8 92 
Clay > or = Celite 209 > Pyrax ABB.Ona given diluentor The same red color developed on Diluex A, but the color 
carrier the order of the amount adsorbed for the five was not as pronounced as that observed for methoxy- 
insecticides and related compounds tested was: DDA> DDE on Diluex A. Development of the red color was 
methoxychlor >methoxy-DDE >DDT >DDE. much slower. At the end of 1 hour equilibration no color 
Determinations of the per cent recovery show that development on the surface of Barden Clay, Celite 209, 
4 under the conditions of these experiments no loss of DDT — or Pyrax ABB was observed. It was possible that meth- 
or DDE was encountered in the studies. Incomplete re-  oxychlor was being dehydrohalogenated on the surface of 
covery of DDA was shown. This is not believed to be the _ these materials to give the same red color as that observed 
-. result of chemical breakdown, but the result of incomplete for methoxy-DDE. Consequently, the Panther Creek 
dis replacement of DDA from the surface of the diluents. Bentonite, Diluex A, and Barden Clay samples were ex- 
Studies in chromatography have shown that acid type tracted with acetone at the end of 1-hour equilibration 
able organic compounds are adsorbed more strongly than and tested qualitatively for the presence of methoxy- 
on ketones. Consequently, it is possible that the acetone did DDE. The Barden Clay samples gave a negative test. 
ned not completely extract the DDA from the surface. Reac- Panther Creek Bentonite and Diluex A gave the pink 
less tion with the surface and catalytic change of both meth- color for the test for methoxy-DDE; however, the color 
med oxychlor and methoxy-DDE were observed. This occurred — was obscured by a brownish-black background indicating 
o only on three of the five diluents and carriers—Panther further catalytic change of the material. After 24-hours 
ion Creek Bentonite, Diluex A, and Barden Clay. It did not equilibration the acetone extracted solution of Barden 
and occur on Celite 209 or Pyrax ABB. Observations on the Clay gave the pink color indicative of the presence of 
wo production of colors on the surface of the adsorbent and = methoxy-DDE. It is believed that methoxychlor was 
the in the acetone extracts were the same as reported for dehydrohalogenated on the surface of these materials. 
all methoxy-DDE in the preceding experiment. Methoxy- The per cent recovery studies show that methoxychlor 
as chlor also showed the development of color on the surface was catalytically changed on the surface of Panther Creek 
ris upon adsorption, but it differed from that observed for Bentonite and Diluex A after 1-hour equilibration. How- 
his methoxy-DDE in some respects. ever, there was no catalytic change with Barden Clay, 
ive When Panther Creek Bentonite was added to solutions Celite 209 or Pyrax ABB. After 24 hours this had pro- 
ng of methoxychlor in hexane, a reddish color formed on the gressed further on Panther Creek Bentonite and Diluex A 
len surface of this material. The red color developed much and was evident with Barden Clay. The results of the 


more slowly than did the red color for methoxy-DDE. 


recovery studies agree with the qualitative observations 


434 


on the yellew color produced in the acetone extracts. 

It is interesting to note that per cent recovery studies 
and the observations of yellow color produced in acetone 
extracts indicate that methoxychlor is changed more 
readily and to a greater extent than methoxy-DDE. This 
difference may be the result of the production of HC] in 
the dehydrohalogenation of methoxychlor or the initial 
difference in the structure of the molecules of methoxy- 
DDE and methoxychlor. The largest amount of catalytic 
change of methoxychlor was obtained on Panther Creek 
Bentonite, the next largest on Diluex A, and the least on 
Barden Clay. 

When methoxy-DDE was adsorbed on Panther Creek 
Bentonite, Diluex A, and Barden Clay from benzene solu- 
tion, the red color developed on the surface of Panther 
Creek Bentonite and Diluex A. Only a slight tinge of red 
was observed on the surface of Barden Clay. Recovery 
studies under the conditions studied showed no loss of 
methoxy-DDE. No yellow color was observed in the 
acetone extracted solutions. 

Discussion or Resuuts.—Several factors must be 
considered before discussing the results of these experi- 
ments. They are initial studies on the interaction of 
several chlorinated organic insecticides and related com- 
pounds on the surfaces of diluents and carriers. Adsorp- 
tion was studied under a rigid set of laboratory conditions 
designed to show maximum adsorption and to emphasize 
differences in amount of adsorption. 

The amount adsorbed differed with the type of diluent 
and the type of insecticide or related compound adsorbed. 
The adsorption and interaction was both of a physical 
and chemical nature. For a given adsorbate the diluents 
adsorbed in the following order: Diluex A > Panther Creek 
Bentonite > Barden Clay > or = Celite 209 > Pyrax ABB. 
The surface areas of these materials is given in the follow- 
ing order: Diluex A > Panther Creek Bentonite = Barden 
Clay > Celite 209 >Pyrax ABB.? Since Panther Creek 
Bentonite adsorbs more than does Barden Clay and Celite 
209 the nature of the surface as well as the extent of the 
surface is important in adsorption. In an attempt to cancel 
out the effect of the extent of the surface area, the area 
per adsorbed molecule of DDT and methoxy-DDE was 
calculated for the four diluents and carriers at the same 
equilibrium concentration. This area per adsorbed mole- 
cule is an indirect measure of the nature of the surface 
area since the effect of extent of surface area is cancelled. 
These calculations are given in table 3. The area per 
adsorbed molecule is in the following order: Panther 
Creek Bentonite <Diluex A <Barden Clay <or = Celite 
209. The explanation of this order is thought to be that 
cation exchange sites give the surface a more polar nature. 

It is interesting to note that the area per adsorbed 
molecule of methoxy-DDE adsorbed on Panther Creek 


Table 3.—The calculated area per adsorbed molecule of 
DDT and methoxy-DDE adsorbed on four diluents at the 
same equilibrium concentration. 


DDT Metunoxy-DDE 
Sq. A. Sa. A. 


330 74 
1380 180 
1900 253 
3100 253 


Panther Creek Bentonite 
Diluex A 

Barden Clay 

Celite 209 
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Bentonite in the region of the levelling off of the aclsorp. 
tion curve is calculated to be 74 sq. A. It is impossible to 
know exactly the area one methoxy-DDE molecule would 
occupy. However, an approximation can be calculated 
from the unit cell dimensions given in the Structural 
Report of the International Union of Crystallography 
(1953). This value is 84 sq. A. It is further interesting to 
note that, according to Grim (1954, p. 154) the area per 
cation exchange position on the basal surfaces of mont. 
morillonoid is approximately 80 sq. A. 

There was a large difference in the amount of jn. 
secticides and related compounds adsorbed. Under simi. 
lar conditons on each of the five diluents the amount 
adsorbed was in the order: DDA>methoxychlor & 
methoxy-DDE >DDT >DDE. This order was consistent 
throughout the experiments and on each of the five dilu- 
ents. The reason for this order is probably that the polar. 
ity of the acid derivative of DDT, DDA, is the greatest; 
methoxychlor and methoxy-DDE containing methoxy 
groups, next; and DDT and DDE, the least. Cassidy 
(1951) states as a general rule: “The more polar the sub. 
stance the more extensive its adsorption at a polar surface, 
other things being equal.” 

Reaction of methoxy-DDE and methoxychlor was ob- 
served on the surface of three diluents and carriers. It was 
originally thought that any interaction of these insecticides 
and related compounds would be physica] adsorption 
and not the activated or chemical adsorption. Weiser 
(1947) states: “In general, adsorption of one or more re- 
actants is a necessary prerequiste for catalytic change. 
Langmuir was the first to recognize clearly that catalytic 
activity results from primary or activated adsorption 
such as is frequently exhibited by active metallic adsorb- 
ents, and not from secondary or van der Waals adsorp- 
tion.” Ller (1955) states that the acid nature of the 
aluminum ion in tetrahedral coordination has been cor- 
related with the catalytic activity of the silica-alumina 
catalysts. Since this same acidity of the aluminum ion in 
tetrahedral coordination is present in the cation exchange 
complexes of Panther Creek Bentonite, Diluex A, and 
Barden Clay, the catalytic change observed in these 
experiments may be associated with the acid nature of the 
exchange sites. Catalytic change was observed only on the 
three diluents and carriers which have an appreciable 
cation exchange capacity.” 

SumMARY.—Experiments have been conducted to 
study the adsorption of several chlorinated organic in- 
secticides and related compounds on the surfaces of 
typical insecticide-dust diluents and carriers. The adsorp- 
tion was measured from organic solvents. Solutions of 
known concentrations of the insecticides and related com- 
pounds in a total of 50 milliliters of organic solvents were 
prepared. A weighed amount of the diluents was added to 
these solutions and the resulting suspensions were shaken 
and allowed to come to equilibrium. The amount of in- 
secticide or related compound adsorbed was calculated 
from the difference between the initial and the final con- 
centration. 

Limited preliminary studies were conducted to deter- 
mine the relative amount of adsorption, differences in ad- 
sorption, and conditions favorable for adsorption. Then 


2 Data for the surface area and the cation exchange capacity taken from 
Weidhaas & Brann (1955) and Mooney et al. (1952). 


Aug? 
furth 

of th 

effect 

| on th 
meth 

typic 

expel 

type 
| relat 
| the b 

of th 
ous 
givel 

| struc 
| meth 
surf 
(1) 

char 

| ents 
| Bars 
diffe 
with 
| teri 
I 

psy 
abu 
bee 

one 
wes 
| Col 
for 

son 
| or 
| U. 

inj 

| cal 
(19 
We 

(19 
| | _ att 

| lar 
| me 
ch 

| | an 
Tl 
re 


August 1957 


further experiments were conducted to study the effect 
of the different types of diluents and carriers and the 
effect of the different insecticides and related compounds 
on the amount of adsorption. Adsorption of DDT, DDE, 
methoxychlor, methoxy-DDE and DDA was measured on 
typical diluents and carriers under the conditions of these 
experiments. The amount of adsorption varied with the 
type of diluent or carrier and the type of insecticide or 
related compound. The difference in the amount of ad- 
sorption caused by the different diluents is considered on 
the basis of the nature and the extent of the surface areas 
of these materials. Variations in the amount of the vari- 
ous insecticides and related compounds adsorbed by a 
given diluent or carrier is discussed on the basis of the 
structure of the organic adsorbate. 

During the experiments on adsorption reaction of 
methoxy-DDE and methoxychlor was observed on the 
surfaces of the diluents. This reaction was of two types: 
(1) color development on the surface, and (2) catalytic 
change. Reaction occurred on only three of the five dilu- 
ents. These were Panther Creek Bentonite, Diluex A and 
Barden Clay. Comparisons of the amount of reaction on 
different diluents indicated that this reaction is correlated 
with the presence of acid sites on the surface of the ma- 


terials. 
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Seasonal Abundance and Host Plants of the Tuber Flea 
Beetle in the Rocky Mountain Region 
R. L. Watts, Entomology Research Branch, Agr. Res. Serv., U.S.D.A, 


Incidental to studies on the movement of the potato 
psyllid (Paratrioza cockerelli (Sulc)), the writer made ob- 
servations from 1945 to 1954 to determine the seasonal 
abundance and host-plant relationships of the tuber flea 
beetle (Epitrix tuberis Gent.) in the Rocky Mountain 
Region. Damage caused by the larvae of these beetles is 
one of the most serious problems of potato growers in 
western Nebraska, eastern Wyoming, and northern 
Colorado. They tunnel along the surface of the tubers, 
forming shallow channels known as worm tracks, and 
sometimes penetrate to a depth of { inch, causing pimples 
or slivers. Many potatoes that would otherwise grade 
U.S. No. 1 must be sold as No. 2 or culls because of this 
injury. The feeding of adults on the leaves, although 
causing many small holes, is less injurious. 

Most of the early literature on tuber-infesting flea 
beetles referred to Epitrix cucumeris (Harr.) until Gentner 
(1944) described the species occurring in the Western 
States as tuberis. Although cucumeris also occurs in the 
West, it does not cause so much tuber injury. Hill & Tate 
(1944) found that adult flea beetles in western Nebraska 
attack a number of plants but confine their feeding 
largely to potatoes when available. They found also that 
early potatoes and potato sprouts in cull piles are the 
most important early spring hosts, and tomato, ground- 
cherry (Physalis spp.), buffalo-bur (Solanum rostratum), 
and wonderberry (Solanum nigrum) serve as larval hosts. 
They further reported that foliage and tuber injury is 
much more severe in early plantings of potatoes. They 
reported some damage by this species in Box Butte and 


Banner Counties and in central Nebraska. Hill (1946) re- 
ported that, among caged beetles, egg deposition and 
adult longevity were greatest on a diet of potato foliage 
and that in the field the larvae developed in largest num- 
bers on the roots and tubers. In the North Platte Valley 
in eastern Wyoming and western Nebraska, the earlier 
potatoes are planted the more susceptible they are to 
attack (Wallis 1953). Landis (1948) found that in the 
Yakima Valley of Washington these beetles occurred on a 
large number of cultivated plants and weeds, mainly be- 
longing to the family Solanaceae. 

Mertuops.—The data presented in this paper are 
based on adult populations, on the assumption that tuber 
injury by the larvae is in proportion to adult populations, 
as reported by Jones (1944). From two to four 50-sweep 
samples were taken at random points over each of several 
areas and observations made every week or two. 

Observations were made in the irrigated area of North 
Platte Valley, the dry-farmed area to the south in Banner 
County, Nebraska, and Laramie County, Wyoming, and 
the irrigated area in the vicinity of Gilcrest and Greeley 
in northern Colorado. These are the principal areas in 
which tuber flea beetles occur in the Rocky Mountain 
region. In other observations, made at Laramie, Wyom- 
ing, and in the Arkansas Valley in southeastern Colorado, 
no tuber flea beetles were found, although cucumeris oc- 
curred in both these areas. 

In the North Platte Valley the cultivated host plants 
on which observations were made included three plant- 
ings of potatoes and one of tomatoes. Early potatoes are 
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planted in April and early May, and the late crop from 
about May 25 to June 30. However, for this study fields 
planted from May 25 to June 5 are designated a medium 
crop and those planted between June 20 and 30 a late 
crop. Tomato plants are set in the fields the latter half 
of May. Counts were also made on noneconomic host 
plants to determine the extent to which they may be 
sources of infestation to the cultivated hosts. Potato 
sprouts in cull piles and matrimony-vine start growth in 
early April and are available when beetles begin emerging 
from hibernation in May, but buffalo-bur, groundcherry, 
and some cultivated host plants are not immediately 
available. Buffalo-bur and groundcherry appeared to be 
of little importance, and observations were discontinued 
in 1949. 

In the dry-farmed area in Nebraska and Wyoming 
potatoes are planted in late May and early June. In 
northern Colorado observations were made on early and 
late potatoes, tomatoes, and matrimony-vine. Planting 
dates are about the same as in the North Platte Valley. 

Resuuts.—Table 1 shows the 10-year average adult 
beetle populations on each host plant during the growing 
season. 

In some years beetles began emerging from hibernation 
the first week in May. Most of these early emerging bee- 
tles were found on noneconomic host plants, such as 
matrimony-vine and potato sprouts in cull piles. The 


dense growth of potato sprouts makes them a preferred 
food plant, and most of the beetles emerging in May and 
June moved to it when cultivated plants were too small, 
The peak emergence of hibernating beetles was about 
June 24, and of succeeding generations about August 19 
and September 23. There appears to have been consider. 
able movement from one host plant to another. For exam. 
ple, populations continued to build up on potato sprouts 
until they dried up late in July, and then moved on to 
other host plants. 

In the North Platte Valley approximately twice as 
many flea beetles occurred on the early potato crop as on 
the medium crop and over 10 times as many as on the late 
crop. There are several reasons for this. The early crop 
receives an infestation of overwintering beetles when 
breeding conditions are favorable. The plants are large 
enough for receiving beetles forced to move from the cull 
piles in July. Also, since this early crop is grown on less 
than 5% of the total potato acreage, control practices 
are more likely to be neglected. On the other hand, in 
northern Colorado the early potato crop is a large impor. 
tant one and very good insecticidal control is practiced. In 
this area the early crop has only about one-tenth as 
many beetles as the late crop. 

The fields of dry-farmed potatoes surveyed showed 
very small populations of the tuber flea beetle. This is ap- 
parently due to three factors: (1) the shorter growing 


Table 1.—Seasonal occurrence of the tuber flea beetle* on host plants in the Rocky Mountain Region, 1945-54. 
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Table 2.—Average yearly tuber flea beetle populations* on host plants in the Rocky Mountain Region 


Host PLANT 1945 1946 1947 1948 


1949 1950 1951 1952 1953 


North Platte Valley 


Potatoes 

Early 

Medium 

Late 
Tomatoes 
Matrimony-vine 
Cull piles 
Groundcherry 
Buffalo-bur 

Average 


39 
12 


che |S 
oe 


16.5 


Dry-farmed areas 
1 


Potatoes 


—— 


Northern Colorado 


Potatoes 
Early T 
Late 19 
Tomatoes 8 
Matrimony-vine 
Average 71 


® Number of beetles per 100 sweeps. 


season, (2) the absence of cull piles, and (3) the dry soil 
which does not favor the survival of the larvae. Rarely 
have tuber flea beetle infestations in dry-farmed areas 
been sufficiently severe to require control. 

On tomatoes, both in the North Platte Valley and in 
northern Colorado, flea beetles occur principally in the 
early and late parts of the growing season. The main in- 
jury to this crop is to the leaves soon after the plants are 
set in the field. 

Matrimony-vine is an important source of infestation 
to cultivated crops, because its early growth makes it 
available for flea beetles emerging from hibernation and 
it serves as food until potato and tomato plants are large 
enough to attract them. Sprouts in cull potato piles are 
an important source of infestation to crops due to their 
early growth and the large numbers of beetles that breed 
on them. Buffalo-bur and groundcherry are of little im- 
portance. They attract few flea beetles at any time, and 
do not start growing until potatoes are available. 

The annual flea beetle populations on each host plant 
are shown in table 2. In the North Platte Valley there was 
a decrease in the first 3 years, then a gradual buildup to 
1951, followed by another decrease in the next 2 years. 
In northern Colorado observations were not made over a 
long enough period or were not high enough to show the 
trend. Apparently much better insecticide control on the 
early potato crop in that area retarded the development 
of populations in later plantings. 

In 1945 counts of tuber flea beetles were taken on other 
solanaceous host plants, which were grown in the lab- 
oratory garden in Scottsbluff, Nebr. Ten weekly samples 
were taken with a sweep net from July 27 to September 
%8. These plants were so close together that conditions 
were ideal for the flea beetles to select the plants they 
preferred. Counts given in table 3 show that flea beetles 
prefer certain plants. Jimsonweed, a wild host that is not 
abundant in the high plains area where tuber flea beetles 
occur, had the highest population. Some of the Physalis 


Table 3.—Adult tuber flea beetles found on solanaceous 
host plants in laboratory garden at Scottsbluff, Nebr., 1945. 


NUMBER OF 
BEETLES 
PER 100 
Sweeps 


Host PLant 


Scientific Name Common Name 


‘abasco pepper 

Bell pepper 

Jimonsweed 
Matrimony-vine, cultivated 
Matrimony-vine, wild 
Tomato 

Apple of Peru 


Capsicum frutescens L. 
var. conoides (Mill.) Bailey 
var. grossum (L.) Bailey 
Datura stramonium L. 
Lycium halimifolium Mill. 
pallidum Miers 
Lycopersicon esculentum Mill. 
Nicandra physalodes (1) Geartn. 
Nicotiana probably alata var. 
grandiflora Comes 
Tabacum L. 
Petunia sp. 
Physalis ixocarpa Brot. 
francheti Mast. 
lanceolata Michx. 
longifolia Nutt. 


uinosa L. 

carolinense L. 
jamesti Torr. 
melongena L. 
nigrum L. 
rostratum Dunal 
triflorum Nutt. 
tuberosum L. 


Flowering tobacco 
obacco 

Ornamental petunia 

Groundcherry, cultivated 

Chinese lantern 

Groundcherry, wild 

Longleaf groundcherry 

Husk tomato 

Horsenettle 

Wild potato 

Eggplant 

Wonderberry 

Bufflao-bur 

Wild tomato 

Potato 


species had higher populations than under natural con- 
ditions, where they are not closely associated with other 
solanaceous plants. Most of these species are wild, oc- 
curring in considerable numbers in the area where the 
tuber flea beetle is a problem, but the Chinese lantern is 
an ornamental grown to a very small extent. Among the 
species of Solanum preference was shown for relatively 
large plants with dense foliage, such as potato, tomato, 
wonderberry, and wild tomato. Few beetles were found on 
peppers, tobacco, or petunia and none on either wild or 
cultivated matrimony-vine. 
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The Longevity of Starved Cockroaches! 


Epwin R. Wiis and Norman Lewis,’ Pioneering Research Division, U. S. Army Quartermaster Research 
and Engineering Center, Natick, Mass. 


Under normal conditions, cockroaches find adequate 
food and water in their environment for survival and re- 
production. Under less favorable circumstances, such as 
when they spread into other areas through ordinary com- 
mercial channels, cockroaches may not find food and 
water readily available. DeLong (1948) has pointed out 
that cockroaches are commonly transported in crates of 
citrus fruits, banana boxes, cases of bottled beverages, 
paper packages of coffee beans, cartons of jellies, cartons 
of packaged cereals, and occasionally in packaged ciga- 
rettes. Although certain of these articles might provide 
dry solid food, water is lacking in most of them. Nelson 
(1952) has stated that, under difficult conditions, cock- 
roaches can survive without water, subsisting only on 
packing case glue such as that used in boxes of canned 
goods. It is evident, then, that the dissemination of cock- 
roaches over long distances or periods of time will depend 
to some extent on the ability of the insects to withstand 
starvation or desiccation. 

There is relatively little information on the ability of 
cockroaches to survive under conditions of partial or 
complete starvation. For this reason, we have determined 
the longevity, on restricted diets, of adult cockroaches of 
the following species: Blatta orientalis L., Blattella ger- 
manica (L.), Blattella vaga Hebard, Diploptera punctata 
(Eschschultz), Eurycotis floridana (Walker), Leucophaea 
maderae (F.), Nauphoeta cinerea (Olivier), Neostylopyga 
rhombifolia (Stoll), Periplaneta americana (L.), Pyenosce- 
lus surinamensis (L.), and Supella supellectillium (Serv.). 
Maluf (1939) listed the mean time for death during com- 
plete abstinence from food and water as 20 to 60 days for 
Blatta orientalis. He cited Sanford (1918) as the source of 
this information. However, we have checked Sanford’s 
paper and have not been able to find data on survival. 

Mernops.—Newly emerged adult insects were isolated 
in 250-ml. beakers or similar plastic containers. The 
bottom of each container was lined with a dise of What- 
man No. | filter paper, and the top was covered by cloth. 
The insects were fed dog biscuit’ and water for about 2 
weeks before they were placed on test. After this pre- 
conditioning, the insects were placed individually on re- 
stricted diets of dry dog food only, water only, or neither 
food nor water. Along with these, at least 10 insects of 
each species were kept on dog food and water as controls. 
Mortality was recorded daily when possible. 

The tests were run in a walk-in incubator provided with 
circulating, humidified air maintained at 27° C. A few 


tests were first run at 70% R.H., but this humidity was 
subsequently lowered because fungus developed on the 
dog food. The relative humidity during most tests was 
40%, but difficulties with the control equipment during 
certain tests resulted in humidity variations that are in. 
dicated in table 1. 

Resutts.—The mean survival times of males and fe. 
males of the 11 species of cockroaches, under the condi- 
tions of partial or complete starvation outlined above, are 
given in table 1. The significance of the difference be- 
tween mean survival times was evaluated by means of the 
t-test. We should emphasize that the data for survival of 
control insects are not the adult life spans of these species; 
each control series was terminated after the last experi- 
mental insect of that species had died but before all the 
control insects had died. 

It is obvious, from comparisons with the control series, 
that neither of the partial diets was adequate to maintain 
the insects for as long a time as the control insects lived 
on both food and water. The only exception, Leucophaea 
maderae females, will be discussed below. The survival 
times in 36 to 40% R.H., following complete starvation, 
ranged from 4.8 days for Blattella vaga males to about 42 
days for Periplaneta americana females. There is a rough 
correlation between body size and survival under starva- 
tion conditions; the larger species, in general, survived 
longest. This may be partly related to differences in rates 
of desiccation. Gunn (1935) has shown that Blatta orien- 
talis and Periplaneta americana lose water at about the 
same rate but that Blattella germanica has a much higher 
rate of water loss. Yet, in our tests, starved females of B. 
orientalis did not live significantly longer than females of 
B. germanica, but the much larger P. americana survived 
twice as long as B. orientalis. 

In general, drinking water enabled most species to 
live significantly longer in 36 to 40% R.H. than did dry 
food alone. The only exceptions were Blattella germanica 
males, Neostylopyga rhomibfolia, and Supella supellecti- 
lium, in which survival times on dry food and on water 
are not significantly different. Water alone enabled most 
species to survive a month or more. A few false ovovivip- 
arous species (see Roth & Willis 1955), namely Leuco- 
phaea maderae, Nauphoeta cinerea females, and Pycnosce- 
lus surinamensis females, survived about 2 months on 


1 Accepted for publication February 15, 1957. 
2 Present address: 1199 Irving, Monterey, California. 
3 Purina Dog Chow Checkers. 
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& Lewis: LONGEVITY OF STARVED COCKROACHES 


Table 1.—Longevity of cockroaches on starvation diets. 


Mean Lenertu or SurvivaL+S.E.,* Days 


Control: 
Food and 
Water” Ne 


Dry Food— 
No Water 


N 


Blatta orientalis 


16.8+ 2.3 
11.5+ 1.2 


40 64421 ll 
40 40 +10 11 


Q, +0 


11 
11 


Blattella germanica 


11.9+ 
8.8+ 
17.5+ 


1.5 
0.4 
3.4 


40 85+ 4 10 
40 54+ 3 10 
70 79+14 6 


36 95+ 4 10 7.9+ 0.9 
36 69+12 10 5.4+ 0.9 


36 102+14 10 18.7+ 1.4 
36 119+ 9 10 14.5+ 0.8 


40 86+ 6 10 26.6+ 1.6 
40 70+ 5 10 1.8 


+12.9 
+ 9.3 


70 181+20 10 160 
70 150+18 10 84 


40 98+ 5 10 24.3+ 2.9 
40 94+ 5 10 22.8 +3.1 


25.4+ 3.9 
24.6+ 3.5 


40 108 +20 12 
40 128 +27 ll 


40.1+ 3.0 
27.3+ 1.9 


36 190+ 6 10 
36 97+ 0. 10 


18.8+ 1.3 
9.9+ 1.6 


40 139+12 10 
36-40 74+11 ll 


1.5+ 0.8 


40 80+ 6 10 
40 7 10 


g 
? 
? 
? 


10 
10 
6 


Blattella vaga 


10 
10 


Diploptera punctata 
10 


10 


Eurycotis — 


10 


Leucophaea maderae 


10 
10 


Nauphoeta cinerea 


11 
13 


Neostylopyga rhombifolia 


11 
11 


Periplaneta americana 


10 
10 


Pycnoscelus surinamensis 


10 
11 


Supella tum 


10 


® Standard error. 


> These data do not indicate adult longevity as the control series were terminated before all insects died. 


© Number of insects tested. 


water only. On the other hand, Periplaneta americana 
females survived for 3 months on water alone. 

There is a remarkably close similarity within each spe- 
cies between survival times on dry food and on no food at 
36 to 40° R.H. Water obv iously i is a dietary necessity in 
cockroac h survival at the lower humidities at least, and 
Nelson’s (1952) opinion that cockroaches can survive, 
subsisting only on packing case glue, seems to be unsound. 

The few experimerts that were run in 70% R.H., with 
Blattella germanica females and with Leucophaea maderae, 
show the opposite effects that this humidity had on sur- 
vival on dog food alone as compared to survival on water 
alone or on neither food nor water. At 70% R.H., fungus 
developed on the dog biscuits, and it is presumed from 
this occurrence that the food had picked up moisture from 
the air in the cockroach containers. Undoubtedly the 
humidity at the bottom of the cockroach containers was 
higher than that maintained in the incubator because of 
their depth and cloth covers which restricted air move- 
ment. Why these conditions were inimical to the B. ger- 
manica that were fed dog biscuit only, compared to those 
fed nothing, but favorable to L. maderae is not known. 
The dog biscuit, with the moisture it absorbed from the 
air at 70% R.H., was sufficient to maintain L. maderae 
females three times longer than water alone. 

Dr. Jean Leclereq, Université de Liége, has kindly per- 


mitted us to cite some of his unpublished data that show 
the influence of atmospheric humidity on the longevity of 
starved Blatta orientalis. The data (table 2) were obtained 
in the winter of 1943-1944 through the use of hygrostats 
as described by Leclereq (1946, 1946a). Leclereq con- 


Table 2.—Influence of atmospheric humidity on the 
longevity of starved Blatta orientalis.* 


Mean? LENGTH or SuRVIVAL+S.E.,” Days 


RELATIVE 


Humipity Adult 


Males Number Nymphs? Number 


61+10.4 8 
25+ 6.2 
52+25.8 
39+12.2 
30+ 6.4 
26+ 7.6 
34+ 7.1 


17+ 4.2 


H | | | HI 
wo 


® Unpublished data from Leclereq (1955). 

> We accept full responsibility for any errors in estimating the means and 
standard errors from a graph of data on adult males and for calculating the 
means and standard errors from raw data on nymphs. 

© Third and fourth instars. 
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cluded that males survive as well in 6% and 17% R.H. 
as in 35% and 41% R.H., and that from 100% to 50% 
R.H. longevity diminished in a very regular fashion. He 
also noted that in any one humidity there was consider- 
able variation in longevity from one specimen to another, 
as shown by the rather large experimental errors. With 
respect to the nymphs, Leclercq concluded that, in spite 
of insufficient statistics, young cockroaches tended to 


survive longer in high humidities than in low. 


The presence of cockroaches wherever man is found is 
mute evidence of their proven ability to spread into new 
areas by any means available. We have attempted to find 
a rational basis for their survival during dispersal under 
less than optimum conditions. At relatively low humidi- 
ties (36 to 40% R.H.), all but the smallest species can 
survive 2 to 3 weeks without food or water. At high 
humidities, or with only drinking water available, many 


species can survive from 1 to 3 months. Thus, it is possible 
for cockroaches to survive for relatively long periods in 
shipments of materiel that would not ordinarily be con- 
sidered food. With limited access to water and solid food, 
cockroaches should be capable of remaining alive in cargo 
shipped almost anywhere in the world, subject only to 
extremes of temperature or insecticidal control. 
Summary.—The duration of survival was determined 
for adults of both sexes of 11 species of cockroaches under 
conditions of partial or complete starvation at 27° C. and 
36 to 40% R.H. or 70% R.H. Following complete starva- 
tion, survival times at 36 to 40°% R.H. ranged from 4.8 
days for Blattella vaga males to 42 days for Periplaneta 
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americana females; the larger species tended to survive 
longer than the smaller. All species, except Leucophaeq 
maderae in 70% R.H., were unable to survive longer on 
dry food than on neither food nor water. In general, water 
alone enabled most species to live significantly longer in 


36 to 40% R.H. than did dry food alone. 
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Changes in Rate of Synthesis of Acetylcholine in vitro in Eggs of the 
Asiatic Rice Borer, Chilo suppressalis (Wlk.), and the Cabbage 
Armyworm, Mamestra brassicae (L.), During Embryonic 
Development! 


Takesut Yusuma,’ National Institute of Agricultural Sciences, Nishigahara, Tokyo, Japan 


In preceding papers it was reported that a considerable 
amount of an acetylcholine (ACh)-like substance is con- 
tained in the eggs of the Asiatic rice borer, Chilo sup- 
pressalis (Wlk.) (C. simplex (Butler)), and the cabbage 
armyworm, Mamestra brassicae (L.) (Yushima & Chino, 
1953, 1954), and that the amount of this substance shows 
some characteristic fluctuation with their embryonic de- 
velopment (Chino & Yushima 1953). Further, from the 
changes of cholinesterase activity during embryonic de- 
velopment in these insects, it has been suggested that the 
substance is ACh or an allied substance (Chino & Yush- 
ima 1954). 

The presence of ACh in insects has been established 
conclusively by Lewis (1952) who proved ACh could be 
synthesized in extracts prepared from two species of blow- 
flies, Calliphora erythocephala (Meig.) and Lucilia sericata 
(Meig.). In the present study, the fluctuation in rate of 
synthesis of ACh in vitro was investigated during embry- 
onic development in some lepidopterous insects, the 
Asiatic rice borer and the cabbage armyworm. 

MareriAts AND Metuops.—Fggs.—The eggs were col- 


lected by the same method as in the previous paper 
(Yushima 1956). 

Reaction mixture.—The reaction mixture used was the 
same as the mixture of Kumagaya et al. (1953), modified 
slightly from Nachmansohn et al. (1949). 


Reagent A Reagent B 
KCl 0.08 M ATP-Na 0.02-0.03 M 
NaCl 0.04 M Choline-Cl 0.01M 
MgCl, 0.004 M. Acetate-Na 0.02M 
Na2HPO, 0.032 M 
KH.,PO, 0.008M 


Eserine-S 0.003 M 
Cysteine-Cl 0.06 M 


1 Accepted for publication February 15, 1957. 

2 The author is greatly indebted to Dr. M. Fukaya, chief of our laboratory, 
and Dr. S. Ebashi, Tokyo University, for their interest and advice in this work. 
He also thanks Mr. M. H. Chino, Tokyo Metropolitan University, for personal 
communication of unpublished data, Mr. T. Ichinose, Tokyo University of 
Agriculture and Technology, for collection of tests insects, and Dr. Leigh E. 
Chadwick, University of Illinois, and Dr. Edward H. Smith, New York State 
Agricultural Experiment Station for their helpful advice in the preparation of 
this manuscript. 
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Thirty mg. of eggs were homogenized with 5 ml. of 
Reagent A, and centrifuged for 3 minutes at 3,000 r. p. m. 
After incubation of the supernatant for 5 minutes, the 
same volume of Reagent B was added to it. 

The reaction was carried out at pH 6.8 (except for de- 
terminations of the optimal pH) at 37.5° C. for 30 min- 
utes in the presence of air. 

Detection of ACh.—The biological method described in 
the previous paper was used to detect ACh (Yushima 
1956). The reaction mixture containing egg extract was 
incubated; then one ml. of the mixture was made up to 
20 ml. with frog Ringer’s solution to be used for testing. 
The substance synthesized was calculated from the dif- 
ference of ACh value between the value at starting and 
after incubation. When 3 ml. of the mixture was used in 
each detection, the chemical effect of the reagent other 
than that of ACh was observed in frog muscle. 

Resutts.—Optimal pH.—The reaction mixtures were 
adjusted by Sérensen phosphate buffer. Figure 1 shows 
the rate of choline acetylation at various pH values in 
the eggs of the Asiatic rice borer at 120 hours after ovi- 
position. There was maximum activity at pH 6.6 to 7.2, 
and it decayed completely at pH 5.4. All other experi- 
ments were performed at pH 6.8 in phosphate buffer as 
indicated under Reagent A. 

Changes in the rate of synthesis of ACh during embryonic 
development.—Experiment in the Asiatic rice borer.—The 
total period for embryonic development of the first 
generation Asiatic rice borer used in this experiment was 
about 160 hours at room temperature (about 26° C.) 
and 80% relative humidity. The results are shown as solid 
circles in figure 2. 

No. ACh was synthesized for the first 20 hours after 
oviposition even if the substrate was added as described 
above. Synthesis of ACh in the eggs began at 24 hours 
after oviposition when the neuroblast became differen- 
tiated. A rapid increase in this activity was recognized in 
the succeeding stages of development, and a gradual in- 
crease was observed thereafter until the egg hatched. 

The value of this synthetic activity at 80 hours after 
oviposition was calculated to be 480 y. The maximum 
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Fig. 1. Effect of pH of reaction mixture on ACh synthesis in 

eggs of the Asiatic rice borer at 120 hours after oviposition. 

Ordinate: Number of gammas of ACh synthesized per hour by 1 
gm. of eggs. Abscissa: pH of reaction mixture. 
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Fic. 2.—Changes in rate of synthesis of ACh during embryonic 
development in the Asiatic rice borer and the cabbage army- 
worm. Ordinate: Number of gammas of ACh synthesized per 1 
hour by 1 gm. of eggs. Abscissa: Number of hours after oviposi- 
tion. @: Ist generation Asiatic rice borer. O : Ist generation cab- 
bage armyworm. }: first appearance of cholinesterase in the 
Asiatic rice borer. Y: first appearance of cholinesterase in the 

cabbage armyworm. 


value, which was calculated to be about 600 y per hour 
per gm. of fresh eggs, was obtained just before hatching. 

Experiment in the cabbage armyworm.—The incubation 
period of the first generation cabbage armyworm was 
about 120 hours under the same conditions as described 
for the Asiatic rice borer. 

As shown by hollow circles in figure 2, the results ob- 
tained were similar to those obtained with the Asiatic 
rice borer. 

First appearance of activity was obtained at 24 hours, 
and was followed by a remarkable increase, up to 60 
hours after oviposition. In the next stage, activity in- 
creased gradually until the eggs hatched. In this insect, 
the stages of 24 hours and 60 hours after oviposition just 
coincided with the neuroblast stage and the blastokinesis, 
respectively, the same as in the Asiatic rice borer. 

The value of synthetic activity at 60 hours was about 
3707, and at just before hatching was about 500y per 
hour per gm. of the egg preparation. 

Discussion.—The maximum rate of acetylation of 
choline was observed at pH 6.6 to 7.2 in the egg of the 
Asiatic rice borer. This value is in good agreement with 
results obtained from mammalian central nervous tissues 
(Kumagaya et al. 1953) and also from other animals 
(Korey et al. 1951). 

The first report of choline acetylation in vitro by insect 
tissues was due to Lewis (1952), who used blowflies. The 
results of his experiment showed that greatest activity 
was observed in the head, compared with thoracic and 
abdominal parts. Therefore, one may consider that the 
high activity of ACh synthesis obtained in the head is due 
to the greater proportion of nervous tissue found in this 
part of the body in blowflies. From this viewpoint it is 
interesting that in the present experiments the first ap- 
pearance of this activity was recognized at the stages 
when the neuroblast became differentiated and that activ- 
ity increased with development of the egg. 

The synthesis of ACh is reduced by dialysis in insect 
eggs, as has also been reported in the case of mammalian 
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tissues. This dialysing factor, probably coenzyme A, oc- 
curs in the eggs throughout the course of their embryonic 
development, but a non-dialysing factor, probably choline 
acetylase, is absent in the eggs at an earlier stage whereas 
it is present in older eggs (Yushima & Chino 1954a). This 
finding has led the author to the conclusion that the first 
appearance of synthetic activity in the present experi- 
ment meant the first appearance of choline acetylase. 

As already indicated, Lewis’ report (1952) is of interest 
as he also investigated the synthesis of ACh in vitro in 
insect tissues; but he employed a quite different tech- 
nique: the reaction mixture contained neither substrate 
nor ATP as an energy source for the reaction, except for 
those substances contained naturally in the insect tissues 
in the preparation. Consequently, the maximum value of 
synthetic activity obtained in the present work is con- 
siderably higher than that of Lewis. The value found in 
the present study was in fact rather high compared with 
results observed by many other workers and summarized 
in table 1. 

A great amount of ACh-like substance is contained in 
the eggs of the Asiatic rice borer and the cabbage army- 
worm at some physiological stages (Chino & Yushima 
1953), whereas only a trace is found in the egg of the 
silkworm (Chino, in press). As has been reported pre- 
viously (Yushima 1956), the fluctuation of this substance 
during the course of embryonic development has shown a 
quite different form in two groups of insects; the one 
group contains a remarkable amount; for example, the 
Asiatic rice borer and the cabbage armyworm; and the 
other only a slight amount; for example, the silkworm 
and the later stage of the egg of the paddy borer, Shoeno- 
bius incertulas (Wlk.) (Yushima 1956). The present re- 
sults (fig. 2) show that the synthesis of ACh began in 
vitro 24 hours after oviposition, and just this embryonic 
stage agreed with the first appearance of the substance in 
vivo, Synthetic activity increased rapidly up to the stage 
of blastokinesis, and there followed a gradual increase un- 
til the egg hatched. On the other hand, ACh decomposi- 
tion, or cholinesterase activity first appeared at about 80 
hours and at 60 hours after oviposition in eggs of the 
Asiatic rice borer and the cabbage armyworm, respec- 
tively, and was followed by an increase up to the time of 
hatching (Chino & Yushima 1954). On the other hand, 
the first appearance of synthetic activity was in good 
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agreement with that of decomposing activity in the silk. 
worm (Chino, in press). Thus, there are some stages which 
have synthetic activity alone, in the Asiatic rice borer 
and the cabbage armyworm; but these are absent in the 
silkworm. For this reason, the author suggested that 
this difference was a major cause of the distinct difference 
in the content of ACh-like substance in the eggs of the 
two groups of the lepidopterous insects. 

A second factor, suggested hypothetically, was that 
this difference in the content of the substance between the 
two groups was caused by differences in rate of synthesis, 
Synthetic activity of the Asiatic rice borer and of the 
cabbage armyworm was in fact higher than that of the 
silkworm, although Chino’s method differed from the 
author’s in some points. But this hypothesis was dis. 
proved by the previous paper (Chino & Yushima 1954), 
where it was observed that the former two species had a 
higher decomposing activity for ACh than the latter 
species. Therefore, a difference in rate of synthesis is nota 
major factor, if it is one of the factors causing a difference 
in content of the ACh-like substance. 

Yushima & Chino (1953) have reported that the eggs of 
the Asiatic rice borer and the cabbage armyworm contain 
a substance which stimulates the frog’s rectus when a 
small quantity of the egg homogenate is used. And this 
stimulating activity was increased by eserine treatment 
of the muscle and antagonized by atropine. Furthermore, 
the Rf value of paper chromatography of this substance 
was evidently the same as that of ACh. Augustinsson & 
Grahn (1954) have proved more definitely that extracts 
prepared from the honey bee contain ACh and other two 
choline esters other than ACh by using advanced tech- 
niques of paper chromatography (Augustinsson & Grahn 
1953), whereas the pharmacologically active substance in 
the house fly, Musca domestica L., has been proved identical 
with ACh alone, by means of paper chromatography and 
electrophoresis (Chefurka & Smallman 1955, Whittaker 
& Wijesundra 1953). In this paper the first appearance of 
the ACh-like substance in vivo and of the ability to syn- 
thesize ACh in vitro coincided. This is powerful evidence 
in support of the view that this substance is ACh itself or 
some allied substance. 

Summary.—In this paper an account of the changes in 
rate of synthesis of acetylcholine (ACh) in vitro during 
embryonic development in the Asiatic rice borer, Chilo 


Table 1.—Acetylcholine formation in various tissues. 


TISSUE Krinp or Extract 


ACh Foren: y Per 
Gm. PER Hr. REFERENCE 


Rat brain Acetone powder 
Acetone powder 
Acetone powder 
Fresh 
Acetone powder 
Acetone powder 
Fresh 
Fresh 
Squid ganglion Acetone powder 
Lobster abdominal chain Fresh 
Asiatic rice borer egg Fresh 
Cabbage armyworm egg Fresh 


Guinea pig brain 


230 and 3408 Feldberg & Mann (1945) 
890-1 , 250 Kumgaya et al. (1953) 

1, 100-1 , 200” Feldberg & Mann (1946) 
178-250 Kumagaya et al (1953) 
590-600 Kumagaya et al. (1953) 

1, 450-1 , 800 Feldberg & Mann (1946) 
210 Nachmansohn & Berman (1946) 
118-120 Kumagaya et al. (1953) 

29 , 200-33 , 600 Nachmansohn & Weiss (1948) 
160-210 Nachmansohn & Berman (1946) 
600 Present paper 
500 Present paper 


® Experiment performed under anaerobic conditions. 
» Citrate was used as substrate instead of acetate. 
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suppressalts (Wlk.), and the cabbage armyworm, Ma- 
mestra brassicae (L.), has been given. 

The results obtained were as follows: 

The optimum pH for the synthetic reaction was 6.6 to 
7.2. 

First appearance of this synthetic activity was found 
when the neuroblast became differentiated, and was fol- 
lowed by a remarkable increase up to blastokinesis. Dur- 
ing the succeeding stages of development, there was a 
gradual increase until the eggs hatched. 

The maximum value of this activity was found to be 
6007 and 5007 per gm. egg preparation per hr., just be- 
fore hatching in the Asiatic rice borer and the cabbage 
armyworm, respectively. 

First appearance of ACh-synthesis was earlier than 
that of decomposing activity. Hence, this difference is a 
major factor causing accumulation of a considerable 
amount of the ACh-like substance in the eggs of the 
Asiatic rice borer and the cabbage armyworm at some 
embryonic stages. 

First appearance of ACh-synthesis in vitro agreed 
exactly with that of the ACh-like substance in vivo. This 
observation supports the view that the ACh-like sub- 
stance is ACh itself. 
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Evaluation of Greenbug Damage to Small Grains! 
R. G. Dans and E. A. Woon, Jr., Entomology Research, Agr. Res. Serv., U.S.D.A. 


Greenbugs (Toxoptera graminum (Rond.)) feed on small- 
grain plants from the time of their emergence until they 
near maturity. They not only suck the sap, but inject a 
salivary fluid that is injurious to the plant (Wadley 1929, 
Chatters & Schlehuber 1951). Even light infestation 
sometimes kil] young plants or cause stunting so that 
tillering is not normal. Heavy infestations on larger 
plants often kill the entire plant or some of the tillers. 
Infestation on small grains in the boot stage or later may 
cause stunting and improper filling of the head (Painter 
etal. 1954). Injury of any type results in decreased yield. 

During several years of testing insecticides for the 
contro! of the greenbug in Oklahoma, opportunities were 


available to measure the degree of injury caused by this 
insect. 

MarerrAts AND Metuops.—Greenbug populations of 
different intensities were produced on small grains either 
by partially controlling the existing infestation with in- 
secticides or by manually infesting the plants with green- 
house-reared insects. Infestations in each plot were de- 
termined at approximately weekly intervals by counting 


1 Accepted for publication February 18, 1957. In cooperation with the Okla- 
homa Agricultural Experiment Station. The authors gratefully acknowledge the 
assistance of personnel of the Small Grains Section, Agronomy Department, 
Oklahoma Agricultural Experiment Station in planting, harvesting, and thresh- 
ing of experimental plots. 
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the greenbugs in one-row-foot samples at two or more 
locations. The yield of grain was obtained either by tak- 
ing two 10-foot-row samples from the same area in which 
the infestation records were obtained or by harvesting 
the two center rows of 4-row nursery plots. 

Greenbug damage was calculated by the following 
formula: 


PLI—PHI 


PR= 
(GHDD—(GLDD 
where 
PR=Average pounds reduction per acre due to the 
feeding for 1 day of 1 greenbug per foot of row. 
PLI= Pounds per acre in lightly infested plots. 
PHI= Pounds per acre in heavily infested plots. 
GHI= Average number of greenbugs per foot in heavily 
infested plots. 
GLI= Average number of greenbugs per foot in lightly 
infested plots. 
D = Number of days infestation occurred. 


Test with Wueat.—In 1951 a field of Triumph wheat 
growing on fertile sandy loam upland that was heavily 
infested with greenbugs was divided into 10 plots each 
63173 feet. On March 1 duplicate plots were sprayed 
with Metacide, parathion, demeton, and schradan and 
two were left untreated. Thirty days later half of each 
plot that had been treated with schradan and half of 
each check plot were treated with parathion. Infestation 
records were taken every 6 to 8 days from the time of the 
first treatment until parasites and predators controlled 
the infestation 60 days later. However, in the untreated 
plots and in those where poor control was obtained with 
insecticides, a large portion of the plants was killed and 
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all the greenbugs on the surviving plants died as the yp. 
sult of parasites and predators within 40 days. 

In 1952 infested plots of Triumph wheat growing op 
poor upland and Comanche wheat growing on fertile 
sandy loam upland were sprayed with insecticides. The 
plot size and treatments were similar to those in the 
1951 tests. The infestation was not severe enough to kil] 
all the plants in the untreated plots, and some infestation 
occurred in all the treated plots for 68 to 72 days. In both 
years the wheat was fall-seeded, and no information was 
available on the infestation until just before spraying, 

The results for the three fields are shown in table 1. 
There was a severe reduction in yield when heavy green. 
bug infestations were not controlled by the insecticide. 
The reduction per greenbug was similar whether the 
infestation occurred in February, March, or April. The 
variety or soil fertility appeared to have had little effect, 
Except in one plot, where very poor control was obtained 
with schradan, the reduction per day for each greenbug 
per foot ranged 0.021 to 0.046 pound of wheat per acre, 
At this rate an infestation of 100 greenbugs per foot, or 
approximately 7,500,000 per acre (if planting is done with 
a 7-inch drill), would cause a reduction of 2.1 to 46 
pounds of grain per day, or a loss of 1 bushel every 13 to 
29 days of feeding. 

In each of these tests Metacide gave the best control, 
and yields from plots treated with this insecticide were 
the highest in two of the three fields. Parathion and dem- 
eton gave satisfactory control. Malathion was satis. 
factory in one field but not in another. Schradan was not 
effective. 

Tests Oats.—Greenbugs were controlled in 
spring-seeded oats by treating the seed with a dust con- 
taining 50% of demeton on activated charcoal. In 1951 


Table 1.—Effect of greenbug infestations when varied by the use of insecticides on the yield of winter wheat. 


NUMBER OF GREENBUGS PER Foot 
IN OBSERVATION PERIOD 


Pounps 


Datty Re- 
DUCTION IN 
YIELD PER 
GREENBUG 


YIELD PER ACRE 


Pounds In- 


crease Over PER Foot 


INSECTICIDE PER ACRE First Half Second Half Average Pounds Check (Pownps) 
1951—Triumph wheat treated March 1 and observed until April 30 
Metacide 0.23 31 177 104 780 726 0.040 
Parathion 47 215 131 666 612 038 
Demeton 2 62 224 143 492 438 .028 
Schradan and parathion® —.50+0.25 264 32 148 486 432 .028 
Check and parathion* — + .2% 401 14 208 384 330 .028 
Schradan 50 264 436” 307 90 36 . 003 
Check 401 1209» 603 54 
1952—Triumph wheat treated February 16 and observed until A pril 23 
Metacide 0.30 0 16 8 1044 282 0.027 
Parathion 24 1 21 11 1242 480 046 
Demeton 26 4 22 13 1122 360 035 
Malathion 85 9 13 1002 240 023 
Check 222 106 164 762 — 
1952—Comanche wheat treated February 18 and observed until April 29 

Metacide 0.18 1 15 8 1668 1122 0.034 
Parathion 30 20 46 33 1398 852 027 
Demeton 24 3 47 25 1554 1008 .031 
Malathion .68 70 364 217 1242 696 . 038 
Check and parathion® 30 180 10 95 1104 558 021 
Check — 245 701 473 546 = — 


* Parathion applied April 1. 
> Infested only 10 days of second period. 
© Parathion applied March 20, 
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Table 2.—Effect of greenbug infestations when varied by use of seed treated with demeton on the yield of spring- 


seeded oats. 


YIELD PER ACRE IN Day Re- 
AVERAGE NUMBER TREATED Pots DUCTION IN 
PouNDs OF or GREENBUGS YIELD PER 
DEMETON PER PER Foot Pounds In- GREENBUG 
100 Pounpbs Days crease over PER Foot 
or SEED VARIETY INFESTED Treated Untreated Pounds Untreated (Pounps) 
1951 
1 Wintok 30 17 Q7 854 294 0.98 
1.5 Andrew 24 8 36 1443 109 .16 


Cimarron 34 37 


69 310 -40 


Andrew 73 Q 
Cimarron 73 2 


14 1499 1109 1.18 
69 1117 1053 -22 


the insecticide was throughly mixed with the dry seed; 
in 1954 the seed was treated with a slurry containing the 
same demeton dust mixed with 4% of methy] cellulose in 
water. The latter method gave a more uniform applica- 
tion. Seed treatment with demeton has reduced greenbug 
infestations for 40 or more days. Seed was planted at the 
rate of 2 bushels per acre in 4-row nursery plots 10 feet 
long replicated three times. Results from tests for which 
both infestation and yield data were available are shown 
in table 2. 

The 1951 infestation occurred by flight, and the peak 
was not reached until 4 to 6 weeks after emergence and 
lasted only 24 to 34 days. The reduction per greenbug per 
foot of row ranged from 0.16 pound per day for Andrew to 
0.98 pound for Wintok. Wintok is a winter oat variety 
and must have ideal growing conditions to produce satis- 
factory yield from spring seeding, which may explain 
why a few greenbugs caused such a marked reduction. 

The 1954 infestation was produced by placing green- 
house-reared greenbugs on the oats in the plots. The peak 
infestation of 37 greenbugs per foot on Andrew and 136 
on Cimarron occurred during the first week after emer- 
gence, and the infestation was very light on all plots the 
last 30 to 40 days of the 73-day period. In the check plots 
many of the plants were killed the first week, and the 
vield was very low. Although the yield increase per acre 
for Andrew was only 56 pounds more than for Cimarron, 
the reduction per greenbug per foot was 0.96 pound 
greater. Although Cimarron is preferred by the greenbugs 
over most of the other oat varieties and is injured rather 
severely, the plants that are not killed are able to recover 
and under normal growing conditions may produce a 
satisfactory yield. 

In 1954 an experiment was conducted with Andrew 
and Cimarron oats to obtain more information on the 
effect of the length and time of the infestation periods. 
The oats were spring-seeded at the rate of 2 bushels per 
acre in alternate 4-row plots 10 feet long, replicated 16 
times. The 32 plots were divided into four ranges, each 
containing four replications of each variety. Plants in the 
first range were not infested, those in the second range 
were kept relatively free of greenbugs for 30 days after 
they emerged and then were infested at the rate of 100 per 
foot, and those in the third and fourth ranges were in- 
fested at the same rate when they emerged. Greenbugs in 
the third range were killed by spraying 20 days after in- 


festation, while those in the fourth range were infested all 
season until controlled by natural enemies. 

The results are given in table 3. Andrew reacted some- 
what as expected, in that the greatest loss per greenbug 
occurred when the infestation was high in the early stage 
of plant growth. However, this was not true with Cimar- 
ron. Although the early infestation caused a marked re- 
duction in yield, the reduction per greenbug was about 
the same regardless of the time it was infested. This can 
be partially explained by the unusual ability of surviving 
plants of this variety to recover from early greenbug 
injury. 

Tests witH Bartey.—In 1951 Ward barley and in 
1954 Tenkow barley in nursery plots were planted with 
demeton-treated seed and similar plots with nontreated 
seed. In both years the plots consisted of four rows 10 
feet long, replicated three times. In 1951 the natural in- 
festation did not occur until about 40 days after the 
plants emerged and lasted only 30 days. In 1954 the plots 
were manually infested with greenhouse-reared green- 
bugs at the time the plants emerged and some infestation 
continued for 73 days. 

The results are shown in table 4. A light infestation 
caused a marked yield reduction. Ward is a winter variety 
and even in the absence of greenbugs a good yield would 
not be expected from spring seeding. Tenkow is consid- 
ered a winter variety, but under favorable conditions 
there may be a fair yield from spring seeding. 

Discussion.—The degree of greenbug infestation in 


Table 3.—Effect of early and late greenbug infestation on 
the yield of oats. 


YIELD PER ACRE 
AVERAGE NUMBER OF —— ——— Repvuction 
GREENBUGS PER Foor FoR Pounds 1N YIELD 
Inpicatep Days AFTER Increase PER GREEN- 
EMERGENCE over BUG PER 
VARIETY AND Non- Foor 
INFESTATION 1-20 21-30 31-53 1-53 Pounds infested (PowuNnps) 
Andrew 
None 2 1 8 2 1392 
Late 5 4 21 12 1091 301 0.57 
Early 50 2 5 21 250 1142 1.18 
All season 55 42 6 31 22 1370 89 
Cimarron 
None 10 1 3 5 1331 _— — 
Late 9 10 46 25 1062 269 25 
Early 3 19 75 323 1008 
All season 114 144 57 95 115 1216 25 


® Many plants killed. 
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Table 4.—Effect of greenbug infestations when varied by 
using seed* treated on the yield of spring-seeded barley. 


Yrevp per Acre 
In TREATED 
DatLy 
Repvuction 
Pounds 1N YIELD 
Increase PER GREEN- 
over BUG PER 


Un- Foor 
ated Pounds treated (Powunps) 


NUMBER OF _ 
GREENBUGS 
PER Foor 
VARIETY 
AND 


Ward—1951 30 566 508 0.53 
Tenkow—1954 73 1373 994 -68 


Days 


® Treated with 1 pound of demeton per 100 pounds of seed. 


small grains that makes chemical control economical de- 
pends on many factors. Some of the most obvious are (1) 
the yield potential of the variety under given soil condi- 
tions, (2) the value of the grain, (3) the stage of growth at 
the time of infestation, (4) the vigor of the plants, (5) the 
cost of insecticide and application, and (6) the expected 
duration of infestation. Consideration must also be given 
to the weather and parasites and predators. With such a 
diversity of factors each infested field becomes a separate 
problem, and full consideration should be given to each 
factor in determining when control measures should be 
initiated. 

SumMary.—Greenbugs (Toxoptera graminum (Rond.)) 
injure the small-grain plant in several ways, and even 
rather low infestations cause measurable reduction in 
yield. 

In tests with wheat the least damage occurred when 
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early control measures were taken. However, the amount 
of damage per greenbug was similar whether the infesta. 
tion occurred in February, March, or April. An average 
infestation of 100 greenbugs per foot caused a reduction 
from 2.1 to 4.6 pounds of grain per acre per day. 

The three oat varieties tested showed a marked differ. 
ence in reduction in yield on a per-greenbug basis. On 
Andrew an infestation of short duration caused light 
injury, but an extended infestation caused a marked re. 
duction in yield. On Wintok a light infestation of short 
duration caused a considerable reduction in the yield, 
Cimarron was very attractive to greenbugs and had a 
higher infestation than the other varieties. However, it 
showed a remarkable ability to recover if the infestation 
was controlled before the plants were killed. 

In the two barley varieties tested the reduction per 
greenbug per foot of row averaged more than } pound per 
day. Even light infestations caused a marked reduction in 
yield. 
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Some Effects of Temperature on Adult House Flies Treated with DDT" 


Roy J. Barker,’ Illinois State Natural History Survey, Urbana 


Conditions for measuring DDT resistance in the house 
fly, Musca domestica L., are not standardized, and data 
on the effects of temperature help to compare toxicity 
data from different laboratories. Measuring survival with 
several strains of treated flies at varied temperatures 
could disclose also any failure to maintain comparative 
resistance. The influence of temperature upon absorption 
and degradation of DDT may suggest clues to the expla- 
nation of resistance. 

This paper reports the effects, direct or indirect, of 
eight temperatures on absorption and degradation of 
three dosages of DDT in surviving adult house flies. The 
temperatures are in degrees Centigrade. 

Procepure.—Three strains of 6-day-old house flies 
were tested: Multi I and Pyro I (Bruce & Decker 1950, 
Decker & Bruce 1952), and super-Bellflower (March & 
Metcalf 1950). Stock flies were not exposed to DDT. 

Exploratory studies guided the exactness with which 
test conditions were controlled and specified. Rearing 
was essentially by the Peet-Grady method (Anon. 1951). 
Condensed milk diluted 1:3 was fed to untreated flies; 
treated flies were fed 5% sucrose solutions. 

Temperatures from —10° to 15° were obtained in a 
household refrigerator which had the door replaced with a 
double layer of flannel fitted with windows, sleeves, and 
zippers. It was vented to remove the carbon dioxide used 


for anesthesia. Laboratory temperatures were manipu- 
lated from 15° to 30°. Temperatures above 30° were ob- 
tained in a chamber containing an open thermostat- 
controlled oven. The temperature remained within 2° of 
5° increments. The internal temperature of flies (meas- 
ured with an inserted thermocouple) was within 1 degree 
of the external temperature after the dosage solvent evap- 
orated. At 35°, 1.2 microliters of acetone solvent gives a 
quick cooling effect lasting approximately 1 minute and 
causing the internal temperature to drop as much as 3.5°. 
At 0° this cooling effect due to solvent evaporation lasts 
3 to 5 minutes and causes only 1° to 2° change. 

Light was supplied by a 40-watt lamp located about | 
foot from the test cages. Preliminary tests indicated that 
mortality, absorption of DDT, and degradation of DDT 
were unchanged by the exclusion of light in tests from 5° 
to 40° on Multi I strain treated topically with 4.18 micro- 
grams. 

Control of humidity was restricted to the maintenance 


1 These data are from a thesis submitted to the University of Illinois in partial 
fulfillment of the requirements for the degree of Ph.D. in Entomology. Present- 
ed at the 4th Annual Meeting of the Entomological Society of America at New 
York, N. Y., on December 27, 1956. Accepted for publication February 19, 1957. 

2 This project was supported (in part) by a research grant from the National 
Institutes of Health, Public Health Service (R.G. 2623). 

3 Present address: Pesticide Chemicals Research Section, Entomology Re- 
search Branch, U.S.D.A., Beltsville, Md. 
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of adequate moisture to prevent food sponges from drying 
in 8 hours. In preliminary tests, when flies were held in 1- 
gallon jars of varied humidity, humidity extremes caused 
Jower survival but no influence on absorption or degrada- 
tion was evident. 

Dosages of DDT (m.p. 107-8° C.) in 1.2 microliters of 
redistilled acetone were applied to the dorsum of the 
thorax from a screw-driven 0.25-ml. syringe. Flies were 
held at test temperatures 1 hour before treatment and 
were anesthetized with carbon dioxide for 13 minutes while 
the DDT solution was being applied. As temperature in- 
creased, more concentrated carbon dioxide was required 
for anesthesia. 

SurvIVAL.—Untreated flies showed no movement at 
0° C.; activity increased from 0° to 30°; irritability was 
evident at 40°; at 45° many flies showed heat stupor or 
exhaustion. Some seasonal variation in temperature 
tolerance was noticed. The 24-hour survival of 6-day-old 
untreated house flies at temperature extremes was: 


50% of 325 Multi I flies at 0° C. 

97% of 271 Multi I flies at 5° C. 

99% of 339 super-Bellflower flies at 5° C. 
91% of 384 Multi I flies at 40° C. 

62% of 153 Multi I flies at 45° C. 

91% of 361 super-Bellflower flies at 45° C. 


Flies were considered “dead” when they no longer re- 
sponded to probing and mild electrical shock. 

As the temperature increased, the symptoms of poison- 
ing by DDT occurred earlier (table 1). At low tempera- 
tures, the first symptom of DDT poisoning was excessive 
flight or increased cleaning movements. Tremors soon 
developed in the tarsi and gradually spread entad until 
knockdown. Movements waned after knockdown, and 
the last observed movements were retractions and exten- 
sions of the proboscis. At higher temperatures, this series 
of symptoms was telescoped; at 30° separate stages were 
not observed prior to knockdown. Obviously, the com- 
parative speed of action of DDT at different temperatures 
will depend on the symptom used as criteria. The data 
in table 1 suggest that above 30° only a few of the flies 
knocked down will survive 6 hours; they lived 6 to 24 
hours at 15° to 30°; and at 5° to 15° dying required 24 to 
48 hours. A higher 24-hour survival was apparent below 
15° because the dying process exceeded 24 hours. 

The 24-hour survival for three strains treated topically 
with DDT is given in table 2. With three dosages on three 
strains, survival increased as temperature increased from 


Table 1.—Effect of temperature on speed of action of 
4.175 micrograms of DDT applied topically to super- 
Bellflower strain of house flies. 


Minutes Per Cent Per Cent SuRVIVAL AT— 


Decrees Berrore ACTIVE 
Tremors aT 6 Hrs. 6 Hrs. 24Hrs. 48 Hrs. 
5 34 0 100 86 2 
10 33 Q 100 40 bi | 
15 31 20 64 24 10 
20 Q7 28 65 30 28 
25 30 49 69 44 35 
30 20 56 60 58 30 
35 16 60 52 49 57* 
40 8 51 64 39 36 


"Separate samples of at least 144 flies were used for each time interval. 
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Table 2.—Twenty-four-hour survival of house flies at 
various temperatures with DDT applied topically. 


SUPER- 
Pyro I Mutt I BELLFLOWER 
Per Per Per 
Decrees No. Cent No. Cent No. Cent 
Cc. Flies Alive Flies Alive Flies Alive 
0.374 Microgram of DDT per Fly 
0 0 _ 1001 1 1052 2 
5 2103 91 1519 94 1910 71 
10 2464 58 2390 66 2239 43 
15 3625 35 1707 66 1345 35 
20 1319 50 2511 79 1833 52 
25 1573 54 737 82 1309 57 
30 1691 61 1991 85 3434 70 
35 1423 63 1613 76 2333 65 
40 1855 82 438 82 2951 75 
4.175 Micrograms of DDT per Fly 
0 0 _ 712 ll 803 4 
5 514 89 436 99 884 86 
10 582 60 147 72 1179 40 
15 1013 22 285 39 817 24 
20 896 23 355 +t 1202 30 
25 753 34 826 59 974 44 
30 1104 46 970 73 950 58 
35 936 43 121 54 458 49 
40 366 34 736 53 618 39 
34.7% Micrograms of DDT per Fly 
0 0 — 668 3 724 13 
5 581 77 413 98 623 68 
10 75 51 188 63 190 26 
15 708 18 606 19 1639 yj 
20 1336 5 775 21 1319 12 
25 941 12 563 36 637 24 
30 1099 30 1261 63 819 37 
35 520 31 922 64 489 33 
40 432 19 331 56 648 16 


15° to 30°; above 30° survival leveled off or decreased. 
Temperatures of 35° and 40° were not detrimental to 
untreated flies. Pradhan (1949) believed 32.2° was a little 
beyond the point conferring maximum DDT resistance 
to Tribolium castaneum (Hbst.) and Dustan (1947) also 
reported a decrease in survival from $2.5° to 35° with 
DDT-treated Udea rubigalis (Guen.). 

All strains maintained the same comparative degree of 
resistance at temperatures above 15°. That the 24-hour 
survival of super-Bellflower was less than Pyro I below 
20° does not necessarily mean that super-Bellflower is a 
more susceptible strain than Pyro I at colder temper- 
atures. Because Pyro I were knocked down, this is be- 
lieved to indicate a difference in the speed of dying. 

ABsorPTION.—Twenty-four hours after treatment with 
DDT, flies were rinsed twice with 25 ml. of freshly dis- 
tilled diethyl ether. This removed unabsorbed DDT. The 
ether was evaporated on a steam bath and the residue 
analyzed in triplicate for DDT by the Schechter-Haller 
method as modified by Sternburg et al. (1950). The an- 
alytical error was approximately 5%. 

Differences in absorption with respect to strain were 
not found (table 3). Pyro I strain, while acquiring a high 
resistance to pyrethrins, had doubled its tolerance to 
most other insecticides. The acquisition of resistance to 
insecticides other than those used in selection is not 
unique. This slightly increased resistance to a large 
number of unrelated compounds is commonly attributed 
to either increased vigor or to lack of penetration. Be- 
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Table 3.—Absorption of DDT in house flies living 24 
hours at various temperatures with DDT applied topically. 


Per Cent ABSORBED 


Supe 
Deacregs C, Pyro I Multi [ Bellflower 


0.374 Microgram of DDT per Fly 
48 40 42 

43 51 58 

54 54+ 67 

82 78 74 

84 82 74 

85 83 87 

82 80 85 

90 77 93 

4.175 Micrograms of DDT per Fly 
23 19 11 

25 24 26 

43 34 42 

45 65 52 

53 69 66 

63 68 83 

75 82 84 

77 84 81 

34.7 Micrograms of DDT per Fly 
7 1 7 

15 14 18 
15 20 22 
22 20 11 
27 22 25 
35 46 28 
52 64 64 
50 59 60 


DOT 
| 


°C 


25 35 40 


Fic. 1.—Average results of analyses of flies after 24 
hours with 0.374 ug. DDT. 
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cause the Pyro I strain is so low in vigor that laboratory 
colonies are difficult to maintain, it was expected to ab. 
sorb less DDT. Since absorption in all strains is in sue), 
close agreement the data have been pooled in figs. 1, 9, 
and 8 to illustrate the fate of applied DDT. 

DrGRADATION.—Flies, which survive topically applied 
DDT, dehydrochiorinate about one-fourth of the ab. 
sorbed DDT to DDE (1,1-dichloro-2,2-bis-(p-chloro. 
phenyl)ethylene). When only survivors are analyzed, 
dehydrochlorination is comparable in the three strains at 
observed dosages and temperatures (table 4). This could 
be attributable to the elimination, as dead flies, of alj 
flies failing to metabolize DDT at a rate necessary for 
survival. The quantity of unchanged DDT found inside 
living flies is almost constant for a given dosage (table 5) 
and is unaffected by temperature or absorption. Eyj- 
dently, the quantity of DDT inside surviving flies is self- 
limiting, and if the amount has exceeded a critical level 
the fly dies and is not analyzed. The DDT found in sur. 
vivors is an average from flies containing almost no DDT 
to those containing nearly a lethal amount. The increased 
amounts of DDT found internally in surviving flies with 
higher dosages may represent an equilibrium between a 
maximum tolerance at an unknown site of action and the 
amount applied externally. 

Tahori & Hoskins (1953) found more unchanged DDT 
inside treated house flies at 32.5° than at 26.0° or 13.5°. 
Since symptoms vary with a change in temperature, their 
data may represent a different criteria of death. 

Four groups of 146 flies each were treated topically 
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Fig. 2.—Average results of analyses of flies after 24 
hours with 4.175 pg. DDT. 
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Fic. 3.—Average results of analyses of flies after 24 
hours with 34.7 wg. DDT. 


Table 4. DDE found within house flies living 24 hours at 


various temperatures with DDT applied topically. 
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Table 5.—DDT found within house flies living 24 hours 
at various temperatures with DDT applied topically. 


Per CENT or ADSORBED 
Per Cent or Dose 


De- - 
Pyro Multi 
I I 


S-Bell- 
flower 


S-Bell- Pyro Multi 
flower I I 


0.374 Microgram of DDT per Fly 
8 14 26 19 
+ 51 7 
18 20 27 
19 16 
26 18 
14 21 
11 21 
21 23 
4.175 Micrograms of DDT per Fly 
3 7 19 13 


60 

53 

28 

40 

40 

37 
25 23 40 30 
.? Micrograms of DDT per Fly 
0 18 25 


Per Cent oF ABSORBED 
Per or Dose DDT 


S-Bell- Pyro Multi S-Bell- 


flower I flower 


0.374 Microgram of DDT per Fly 
32 26 59 80 
23 31 74 
20 25 48 
16 20 20 
16 20 21 
18 18 29 
20 16 41 
27 19 31 
4.175 Micrograms of DDT per Fly 
7 13 25 3 


11 15 
11 12 
9 11 
10 12 
10 8 
9 10 


9 10 11 10 
34.7 Micrograms of DDT per Fly 
3 32 100+ 


with 0.541 microgram of DDT and were held 24 hours at 
room temperature in cheesecloth-covered 125-ml. flasks. 
Analyses of the contents of the flasks, after removal of 
the flies, showed no products in quantities detectable by 
the modified Schechter-Haller method. Therefore, all 
DDT not found in the rinses was assumed to have been 
absorbed. 

The absorbed DDT which is unaccounted-for as DDE 
or DDT is called ‘‘non-Schechter-Haller metabolite.” 
The amount that is unaccounted-for (table 6) increases 
with higher temperature. Since it, like DDE, is propor- 
tional to survival it is probably not toxic and may be a 
defense mechanism against DDT. 

Evidently, the surviving flies of these three strains have 
identical defenses against DDT and the strains differ only 
in the proportions of the populations that are tolerant. 

Summary AND Conciusions.—Untreated house flies 
tolerate temperatures from 5° to 40° C., inclusive, without 
adverse effects. The effects of carbon dioxide anesthesia 
are prolonged and encouraged at lower temperatures. 

The effects of DDT are manifested earlier and the 
symptoms of poisoning are telescoped with higher tem- 
perature. From 5° to 30°, survival was higher at higher 
temperatures. Above 30° survival was slightly lower. 

Absorption of topically applied DDT was increased 
with higher temperature. Differences with respect to 
strain are not found in surviving flies. The DDT ab- 
sorbed in surviving flies seemed closely correlated to the 
percentage of survivors. 

The degradation of DDT, as measured by the amount 
of DDE and non-Schechter-Haller metabolite, was also 
higher at higher temperatures. The amount of unde- 
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Table 6.—‘‘Non-Schechter-Haller metabolite” in house 
flies living 24 hours at various temperatures with DDT ap- 
plied topically. 


Per Cent or ABSORBED 
Per Cent or Dose 
Dr- 


Grees Pyro Multi S-Bell- Pyro Multi S-Bell- 
C. I I flower I ‘| flower 


0.374 Microgram of DDT per Fly 
0 8 27 0 
7 22 0 
15 30 32 
38 35 64 
46 29 60 
46 55 50 
38 55 38 
35 51 46 45 
4.175 Micrograms of DDT per Fly 
10 0 61 52 
+ 0 18 
12 17 34 
32 52 49 
38 40 55 
27 47 40 
53 60 66 
50 50 
34.7 Micrograms of DDT per Fly 
0 0 51 0 
9 : 70 63 
11 67 62 
13 56 62 
13 76 57 
34 75 75 
52 84 82 
47 80 78 


graded DDT within live insects was essentially constant 
for a given dosage regardless of temperature. The quan- 
tity of internal DDT seemed self-limiting; any flies, 
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whose internal DDT exceeded a critical limit, were killed 
and thus were excluded from the analysis. 

By analyzing only survivors, a lethal mechanism can be 
discerned because it will remain constant as other factors 
vary. This search for a self-limiting constant is believed 
to be a unique approach to the detection of a lethal factor, 
It can reduce the confusion of cause and effect. 

No differences except in mortality were evident in sur. 
vivors of the three strains studied. This suggests that 
tolerant flies in these strains do not differ, and that the 
strains differ only in the number of these tolerant flies 
present. 

The pooled data of the three strains are summarized in 
figs. 1, 2, and 3. 
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Seed Treatment for Control of the Rice Water Weevil! 


C. C. Bowiine, Texas Agricultural Experiment Station, Beaumont 


The rice water weevil (root maggot), Lissorhoptrus 
orysophilus Ksl., is a pest on rice everywhere the crop is 
grown in the southern United States. The adults feed on 
the leaves of the rice plant making a slit-like longitudinal 
feeding scar. The larvae feed on the roots reducing the 
root system severely. 

Isely & Schwardt (1934) reported the seasonal history 
of the rice water weevil in Arkansas as follows: Adults 
hibernate in and around fields, hidden in ground trash 
and other cover. They begin to emerge from hibernation 
and feed on the leaves of various grasses in late April. 
Adult feeding may occur in young unflooded rice, how- 
ever, the weevils are most numerous in a given field fol- 
lowing the application of the first flood water. Eggs are 
deposited under the epidermis of the roots and larvae 
begin to appear in approximately 8 days. The first two 
stadia are completed within a week, but the third and 
final stadium requires 2 weeks. Approximately 1 week is 
spent in the pupal stage before the first adults of the cur- 
rent_season appear. Limited observations indicate the 


seasonal history in Texas to be approximately the same 
except adult emergence begins in the early part of April. 

Isely & Schwardt (1934) controlled the larvae by drain- 
ing and drying the field at a critical period. More recently 
Whitehead (1954) successfully controlled this insect by 
making spray applications of various insecticides to the 
plant and soil just prior to applying the first flood water. 
Seed treatment represents another approach to control- 
ling this insect. 

INSECTICIDE SCREENING Test.—Early in 1956 Century 
Patna 231 seed were treated with various insecticides. 
This was accomplished by mixing wettable powders with 
water to form a thick creamy suspension.? This was 
poured over the seed and mixed thoroughly. Treated 
seed along with untreated seed for checks were planted in 
6-inch pots (10 seeds per pot) in the greenhouse. When 
the plants were 3 weeks old (the approximate size and age 


1 Accepted for publication February 26, 1957. 
2 Thimet was applied with a charcoal carrier, demeton was applied as an 
emusifiable concentrate. 
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Table 1.—Greenhouse screening tests with seed treat- 
ment to control rice water weevil. 
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Table 3.—Field test with seed treatment to control rice 
water weevil. 


—_ 


Test 1 Test 2 
Average Average 
No. Per No. Per 
MATERIALS* AND Larvae Cent Larvae Cent 


Per Cent Actuat — per Pot Control per Pot Control 


—— 


Thimet, 50° 4.5 a Py 9.5 54.1 
Aldrin, WP 75 2.5 87.5 0.2 98.7 
Methoxychlor, WP 50 13.7 31.6 12.2 41.0 
DDT, WP 75 13.0 35.3 12.5 39.6 
Dieldrin, WP 75 1.0 95.0 0.2 98.8 
Lindane, WP 25 5 97.5 0.2 98.8 
Demeton, EC 40 25.7 00.0 19.5 5.8 
Checke 20.1 20.7 


® Each material used at 8 oz. of toxicant per 80 pounds seed. 
b Thimet used with charcoal carrier. 
¢ Checks replicated eight times in each test. 


of the plants when the rice water weevil attacks them in 
the field) they were exposed to infestations of adult 
weevils. Tests were conducted under two different situa- 
tions. In Test No. 1 four pots of each treatment and eight 
pots of plants from untreated seed were placed at random 
in a metal vat. Water was added to the vat until the 
water level was 2 inches above the soil surface in the pots. 
The vat was then covered with a 20-mesh screen. Adult 
rice water weevils were collected from rice growing in the 
field. Ten adults per pot (360 total) were confined in the 
screened vat and allowed to feed and oviposit. At the 
end of 2 weeks the screen was removed and the adults 
released. One week later larval counts were made. In 
Test No. 2 the same procedure was followed except each 
individual pot was exposed to an infestation of 10 adults. 
This was accomplished by placing replications of pots of 
each treatment in 3-gallon crock jars fitted with a screen 
cover. Enough water was added to have 2 inches above 
the soil surface. Larval counts in both tests were made by 
removing the plants and soil from each pot and placing in 


Table 2.—Small plot test with seed treatment to control 
rice water weevil. 


AVERAGE 
Oz. No. 
MarerraL Toxt- LarvaAkE/ 
AND cant/ Torau Ft. oF PER 
Per Cent 100 Lp. No. Dritt CENT  YIELDS® 
ACTUAL Seep Larvae Row Conrrou Las./A. 
Aldrin, 8 0 0.0 100.0 4,800 
WP 75 4 3 oe 98.8 5,081 
2 37 9.2 84.3 4,840 
Dieldrin, 8 8 2.0 96.6 4,866 
WP 75 + 16 4.0 94.2 4,330 
. Q 78 19.5 66.7 4,568 
Lindane, 8 16 4.0 94.2 4,594 
WP 25 + 19 4.7 91.9 4,722 
: 2 50 12.5 75.3 5,091 
Thimet, 508 8 224 56.0 4.3 4,659 
4 204 51.0 12.9 4,283 
2 201 50.2 14.2 5,000 
Check» 702 58.5 4,122 
LS.D. at 5% level 21.6 ns 


* Thimet used with charcoal carrier. 
Three check plots were included in each replication. 
* Yield data from three replications only. 


JuLY 22 Avucust 7 


Untreated Treated Untreated Treated 


Total larvae 69 6 59 11 
Ave./ft.drillrow 13.8 1.2 11.8 2.2 
Per cent control 91.4 81.4 


a 5-gallon bucket containing 2} gallons of water. The 
roots were washed clean of larvae and soil and the plants 
discarded. The soil and water was mixed thoroughly and 
passed through a 10- and a 1-mm. soil screen. The larvae 
were collected and counted on the surface of the 1-mm. 
screen. The materials tested and the results obtained are 
shown in table 1. Since none of the materials prevented 
adult feeding, the evaluation of materials is based on 
larvae counts alone. 

SmaLt Pitot Test.—Four of the seven materials in- 
cluded in the screening test gave sufficient control to 
justify further testing in small field plots. The seed used 
in this test were treated on June 14 and planted 12 days 
later at the rate of 90 pounds per acre. Each material was 
used at 8, 4, and 2 oz. of toxicant per 100 pounds seed. 
The insecticides were applied in the same manner de- 
scribed in the screening test. Plots 24’ 4’ were planted 
with each treatment and replicated four times. Treat- 
ments were randomized within each replication. On July 
3 the rice plants were emerging. Observations indicated 
that none of the materials reduced or retarded emergence 
or growth. On July 17 all plots were fertilized at the rate 
of 60-40-0 per acre. The first permanent flood was applied 
immediately following fertilizer application. Adults were 
very abundant in all plots. No differences in the amount 
of adult feeding in the plots was observed. Three weeks 
after applying the first fiood larval counts were made. 
Counts were based on the number of larvae per foot of 
drill row. A sampling tool was designed to take a sample 
of plants, soil and roots 1’4” 4". This sample was then 
examined as described by Whitehead (1954). In this test 
only one sample was taken from each plot. Table 2 shows 
the materials tested and results obtained. 

Freitp Test.—A 4}-acre field test was also conducted 
late in 1956. The seed were treated June 8 with dieldrin 
at approximately 1 oz. of toxicant per 100 pounds of seed.* 
The insecticide was applied with a Gustafson Seed 
Treater. Eight drill rows 12’ wide were planted across the 
middle of the field with untreated seed. The remainder of 
the field was planted with treated seed. On June 22 the 
field received the first flood. July 2 the field was drained 
for 7 days and reflooded. Larval counts were made June 
22 and August 7. Counts were made as described in the 
“Small Plot Test.” Table 3 shows the total and average 
larval counts from five samples from treated and un- 
treated portions of the field taken at the two dates. 

Discusston.—Lindane and Thimet at the rates used 
in the greenhouse test retarded emergence and produced 
stunting in the rice plants. However, in the small plot 
test none of the materials at the rates used produced 
phytotoxicity. At the time larval counts were made no 


3 An attempt was made to treat at 2 oz. of toxicant per 100 pounds. However, 
the slurry mixture was too dilute and only one-half of the material was used. 
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observable differences in plant height could be detected 
between treatments which gave good control and checks. 
However, the root systems of plants from checks and 
treatments that gave poor control were greatly reduced. 
Differences in plant height became visible approximately 
5 weeks after applying the first flood water. 

The yield data from three replications indicated that 
all treatments gave an increase over the controls.‘ How- 
ever, when the data were analyzed statistically, the in- 
crease was not significant at the 5% level. There was no 
visible difference between plants from treated and un- 
treated portions of the large field test. No yield data were 
taken from this test. 

At present the mode of action of seed treatment in 
controlling this insect is not known. The materials did not 
kill the adults since live adults were recovered from all 
treatments in both greenhouse tests. Also leaf-feeding was 
equal in all treatments in both greenhouse tests. It is also 
apparent that the insecticides did not prevent oviposition. 
This can be seen by comparing larval counts from the 
controls in the two greenhouse tests. The averages from 
Test 1 and 2 were 20.11 and 20.71, respectively. If the 
insecticide had prevented oviposition the larval count 
should have been considerably higher in Test 1. 

Seed treatment to control rice water weevil larvae has 
several advantages over conventional methods. First, the 
cost is much lower. The cost per acre to treat seed with 
aldrin at 4 oz. per 100 pounds would be approximately 
35¢ when seeding at the rate of 80 pounds per acre. Since 
the most effective materials used in these tests are com- 
patible with several fungicides already in use, both fungi- 
cide and insecticide could be applied in one operation. 
Another advantage is that seed treatment would elimi- 
nate a “time of application” factor and would not inter- 
fere with other cultural practices that might be used. A 
third advantage is that the insecticide would protect the 
seed rice from storage insects during the storage period. 
One disadvantage of this method is that it does not pre- 
vent adult-feeding. However, this damage was negligible. 
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Two problems connected with this work should be jp. 
vestigated before any control recommendation can be 
made. One is the effect these materials might have on the 
viability of seed when stored over a period of time. In all 
tests reported herein the seed were planted shortly after 
treatment. A second determination which should be made 
is the amount of toxicity which would be lost from the 
material over a 6-month storage period. 

SumMAry.—Four experiments were conducted at the 
Rice-Pasture Experiment Station, Beaumont, Texas jp 
1956 to determine if seed treated with insecticides before 
planting would control the rice water weevil, Lissorhop- 
trus orysophilus Ksl. Seven insecticides were used at the 
rate of 8 oz. toxicant per 80 pounds of seed in two green. 
house tests. Three insecticides, lindane, aldrin and diel. 
drin gave 90% or better control in both tests. Thimet 
gave 50% or better control in both tests. These four ma- 
terials were then used at 2, 4, and 8 oz. of toxicant per 100 
pounds of seed in a small plot test. In this test aldrin, 
dieldrin and lindane gave above 90% control at 8 and 4 
oz. of toxicant per 100 pounds seed. Although good con. 
trol of larvae was obtained, no significant increases in 
yield were obtained. Dieldrin at approximately 1 oz. of 
toxicant per 100 pounds seed gave good control of a light 
infestation in a large field test. At present the mode of 
action of seed treatment in controlling rice water weevil 
larvae is not known. Advantages of seed treatment over 
conventional methods of control are lower cost, ease of 
application and protection of seed rice from insects during 
the storage period. 


REFERENCES CITED 


Isely, Dwight, and H. H. Schwardt. 1934. The rice water 
weevil. Arkansas Agric. Expt. Sta. Bull. 299. 
Whitehead, F. E. 1954. Tests on insecticidal control of rice 
water weevil. Jour. Econ. Ent. 47(4): 677-80. 


4 Yield data were not included from replication No. 1 due to severe losses by 
bird feeding. 


Permeability to Methyl Bromide of Plastic Films and 
Plastic- and Rubber-Coated Fabrics! 


G. L. Putiurps and H. D. Netson, Stored-Product Insects Section, Agric. Mktg. Serv., U.S.D.A. 


The practice of fumigating commodities, equipment, 
and even buildings under tarpaulins has become increas- 
ingly prevalent in recent years. A number of new mate- 
rials have become available, and studies were conducted 
at Hoboken, N. J.,2 and Manhattan, Kans., to determine 
the relative permeability of several of these. 

Procepure.—The degree of permeability of the dif- 
ferent fabrics was determined by measuring the amount 
of methyl bromide gas that escaped from a test chamber, 
through the test fabric. The test chamber consisted of a 
55-gallon steel drum with one end removed. About 1 
square yard of the material to be tested was placed over 
the open end of the drum and sealed with Scotch masking 
tape (fig. 1). The gas concentrations in the drums were 
measured by the thermal conductivity method. 


The drum fumigator was placed on its side, and two 
sampling tubes were inserted through rubber stoppers in 
holes made for the introduction of the gas and the with- 
drawal of gas samples. The sample of gas for analysis was 
drawn out through one tube, passed through the analysis 
unit, and returned to the fumigator through the other 
tube. Thus, gas could escape only through the test ma- 
terial, since in each test the seal was checked with a halide 
leak detector. 

A series of three tests was conducted with each type of 
test fabric, a total of 25 materials being tested. A dosage 
of 4 pounds of volatilized methyl bromide per 1000 cubic 


1 Accepted for publication February 28, 1957. ; 
2 The portion of the work done at Hoboken, was under the general guidance 
of H. H. Richardson, entomologist in charge at that station. 
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Fic. 1.—Drum-type fumigator used to test the permeability of sheetings. The gas analysis unit on the table 
and the drum are connected by sampling tubes. 


feet was used in each replicate, and circulated within the 
fumigator only at the time that the gas was introduced. 

Five gas samples were taken at intervals after the 
methyl bromide was introduced, at 10 minutes, 1, 2, 4, 
and 18 hours. 

Liquid methyl bromide was also applied to each sam- 
ple to observe the effects of direct contact. 

Samples to be tested were obtained from the following 
firms: U. S. Rubber Company, Plastic Film Corporation, 
Firestone Tire and Rubber Company, H. T. McGill 
Company, Visking Corporation, Chemilene Company, 
Thermoplastic Fabric Corporation, Duracote Corpora- 
tion, Larvicide Products, Inc., Monsanto Chemical Com- 
pany, and Vulean Rubber Company. There are many 
more coated fabrics and plastic films on the market than 
were included in these tests but it was believed that those 
used would be sufficient to give some indication of the 
degree and range of permeability which new films possess. 

Sample 41 was used as a standard and the other test 
materials were compared with it. The fabric in sample #1 
consisted of two pieces of cotton sheeting cemented to- 
gether and coated on the outer sides with neoprene. (This 
coated fabric, developed by the Quartermaster Corps, was 
used in delousing bags during World War II (Latta et al. 
1946)). Although unused, this fabric was taken from a 
bag which had been in stock 10 years. Another fabric, 
sample 41A, was of similar construction, but was taken 
from a used bag also approximately 10 years old; it was 
included to determine the effect of use on permeability. 

Resvits.—The loss of gas through the sheetings ranged 


from a minimum of 6.5% to a maximum of 63.1% after 18 
hours of exposure (table 1). 

A comparison of the materials shows that all but two 
were equal to or better than the standard (sample #1). The 
performance of the standard was considered good, since 
it lost only slightly more than one-fourth of the original 
amount of gas in an 18-hour period. The permeability of 
the material from the used delousing bag was consider- 
ably greater than that of the unused bag material em- 
ployed as a standard. 

Some of the sheetings were softened by contact with 
liquid methyl bromide, but were not injured unless pres- 
sure was exerted while the film was wet. Only one mate- 
rial (sample #2) was severely damaged by the liquid 
methyl bromide. 

Discussion.—These tests show that polyethylene and 
vinyl films and synthetic rubbers, or materials coated 
with them, are very effective in retaining methyl bromide. 
Accidental contact of the films or coatings with liquid 
methyl! bromide is not serious if the tarpaulin is not under 
stress when the contact occurs. 

Even though the films will not withstand much han- 
dling or rough usage in comparison with the coated fabrics, 
it is probable that both types will be useful, depending 
on the job to be done and the amount of re-use con- 
templated. 

The permeability was different for each of the 4-mil 
polyethylene films (samples 5, 6, and 7) and for those of the 
viny! films (samples 3, 8, and 18). According to Jones & 
McGlamery (1956) different processes are used by the 
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Table 1.—Loss of methyl bromide during 18 hours and the effect of spraying liquid methyl bromide on the materials, 


SAMPLE 
NUMBER 


MATERIAL® 


PERCENTAGE 
Loss or 
Gas> 


Resvtts OF SPRAYING 
Merny. BromipE ON Marentay 


23 
3 


1A 


Vulcan 5712 Coverlite (nylon fabric treated both sides) 

Velon vinyl film F. R. 1001—polyvinyl chloride (0.004 inch 
thickness) 

Fiberthin 79631—neoprene coated nylon (one sheet of nylon 
fabric coated on each side) 

Velon vinyl film (0.004 inch thickness) 


Fumi-cover; vinyl plastic film (0.004 inch thickness) 

Vulcan Coverlite 5716 (neoprene coated nylon similar to No. 19 
but slightly heavier) 

Polyethylene film (0.004 inch thickness) 

Fortron-X (similar to No. 10, but with a looser weave of fiber- 
glass, }”X}" mesh) 

Flexfirm. Acron. 26 grey coated nylon (coated both sides) 

Visqueen; (clear polyethylene film, 0.004 inch thickness) 

Fortron 120 L.G. (similar to, but heavier than No. 10, and with a 
closer weave of fiberglass fabric) ;'s” X 74s" mesh 

Fiberthin 79636; vinyl plastic coated nylon (one sheet of nylon 
fabric coated on each side) 

V-55 (Fiberglass fabric with fairly heavy vinyl plastic coats on 
each side) 

Fortron—plastic fabric, same as No. 10, except clear. }” X }” mesh 


UL 7—Ultron. Vinyl film (0.008 inch thickness) 


T-55 (Fiberglass fabric with fairly heavy vinyl plastic coats on 
each side) similar to No. 15 except finer fiberglass fiber used 

Polyethylene film (0.004 inch thickness) 

Flexfirm. USDA 885 yellow coated nylon (coated both sides) 

Velon polyethylene film P.F. 1A (0.002 inch thickness) 

Fortron No. 100-R-48 (vinyl plastic with loose weave fiberglass 
fabric embedded in center mesh }” X }”) 

Vulcan Coverlite 5715 (neoprene coated nylon: one sheet nylon 
fabric coated on each side) 

Neoprene coated cotton sheeting, new material (2 sheets of cot- 
ton fabric cemented together and coated on outer sides with 
neoprene; delousing bag) 

Plastin 55. Vinyl coated cotton fabric (coated one side only) 

Nylon, rubber center (two sheets of nylon fabric cemented to- 
gether) 

Neoprene coated cotton sheeting, used material® 


6.5 
10.3 


10.8 
12. 


12 
13 


13. 
13. 


14. 
14. 
15. 


15. 


A 


No injury 

Softened, but no injury unless pres. 
sure exerted when wet 

No injury 


Softened when wet; no injury unless 
pressure exerted when wet 

No injury 

No injury 


No injury 

Softened when wet; no injury unless 
pressure exerted when wet 

No injury 

No injury 

No injury 


Slight injury 
No injury 


Softened when wet; no injury unless 
pressure exerted when wet 

Softened when wet; no injury unless 
pressure exerted when wet 

No injury 


No injury 

No injury 

No injury 

Softened when wet; no injury unless 
pressure exerted when wet 

No injury 


No injury 
Severe injury, plastic dissolved 
No injury 


No injury 


® Trade names are used only to identify the product. Their use does not constitute endorsement by the U. S. Department of Agriculture. 


> Mean of three tests. 
© Two sheets of cotton fabric stuck together and coated with neoprene. Taken from a used army delousing bag. This material was included to provide a com 


parison of the new and used fabrics. 
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Jones, R. V., and R. M. McGlamery. 1956. A low-pressure 
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745, 40 pp. 26 illus. 


various manufacturers in making polyethylene films, and 
the permeability as well as the chemical resistance of the 
films differ with the process used. Some minor differences 
in the permeability of the sheets may have been the results 
of minute defects in the samples tested. In selecting the 
most suitable film for use as a fumigation tarpaulin, there- 
fore, consideration should be given to each manufacturer’s 
product rather than to the type of material in general. 
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The Effectiveness of Several Insecticides and Various Spray Programs 
for the Control of Grape Berry Moth! 


James A. Cox, Pennsylvania Agricultural Experiment Station, University Park 


Since the advent of DDT the recommended spray pro- 
gram for the control of the grape berry moth, Paralobesia 
riteana (Clem.), in Erie County, Pa., has been three post- 
blossom sprays of DDT. The first application is made soon 
after the berries set, followed by a second 10 days later. 
The third spray is applied in early August to combat the 
second generation of the insect. This program has been 
outstanding for the control of many grape insects, but 
late season applications of DDT are likely to leave exces- 
sive spray residues on the fruit at harvest. Taschenberg 
& Avens (1949) have shown that the average residue on 
the fruit was 7.0 p.p.m. on grapes that received three post 
blossom sprays of DDT and a miscible oil. Cox (1949) 
reported the residue was 19.88 p.p.m. on grapes that re- 
ceived four post-blossom sprays of DDT and a heavy 
miscible oil, but when a spreader was substituted for the 
oil in the sprays a residue of 7.89 p.p.m. was found. Since 
the tolerance for DDT is 7 p.p.m. it is questionable 
whether DDT should be used in the third spray on grapes. 
In order to obtain further information on this problem, 
experiments have been carried out with some of the newer 
insecticides as well as with various spray programs of 
DDT and certain other chemicals for the control of this 
pest. This paper is a summary of the results of the various 
spray programs for the control of grape berry moth for 
1952 to 1956. The results of tests on residue studies of 
several spray programs will be reported in a later paper. 

Mernops aND Matertats.—The investigations were 
conducted in commercial vineyards planted to the 
variety Concord. The vines were trained to the umbrella 
system. The plots where the dilute sprays were tested were 
3 to 5 rows wide and 18 to 24 vines long. Where the con- 
centrated sprays were tested the plots were 7 rows wide 
and 18 to 30 vines long. The plots were replicated four 
times. 

At harvest 10 vines were selected at random from the 
center row of each plot. Ten clusters of grapes were taken 
from each vine and a record made of the number of clean 
and infested berries on each cluster. The results were 
converted to a percentage basis and the per cent control 
was calculated according to the formula of Abbott (1925). 

The dilute sprays were applied with a hydraulic 
sprayer equipped with a covered, inverted, U-shaped 
boom carrying seven nozzles on each side of the row and 
so arranged that the spray was directed upwards and into 
the foliage and clusters of the vine. The sprays were 
applied at a pressure of 450 to 500 p.s.i. The concentrated 
sprays were applied with an air blast machine. The blast 
of air was generated by a double 18-inch blower, driven at 
3600 r.p.m. Each blower delivered 1200 to 1400 cubic feet 
of air per minute at an initial velocity of 200 miles per 
hour. However, this velocity dropped to approximately 
90 miles per hour 2 feet from the air outlet. The spray was 
injected into the air stream through a nozzle, that pro- 
duced a flat spray, at a pressure of 100 to 125 p.s.i. Two 
fish-tail air outlets directed the spray upwards and into 
the foliage and clusters of the vine. 


The materials used in the experiments were standard 
brands of insecticides. In addition to those included in the 
list of common names by Haller (1957) the following 
were included in the tests reported here: 


Sovaspray Oil No. 3. viscosity 58 to 64 seconds Sayboldt at 
100° F., unsulfonated residue 70 to 88%. Socony-Vacuum 
Oil Co., Ine. 

Triton B-1956. a pthalic anhydride of glycerol alkyl! resin, 
Rohm & Haas Co. 

Miscible oil, containing 9 parts of Sovaspray oil No. 3 and one 
part of Triton B-1956, 

Tribasic copper sulphate, containing 26% metallic copper. 
Copper sulphate, snow form of crystals. 


Resutts.—The 1952 experiments were carried out in 
two commercial vineyards comparing the efficiency of 
various insecticides, applied as dilute and concentrated 
sprays. The results of the tests are given in table 1. It is 


Table 1.—Results of experiments for the control of the 
grape berry moth. 1952. 


Per CENT 
MATERIAL AND POUNDS PER Infested 
100 GALLons* Berries Control 

Series A» 
DDT 50%, WP, 2 0.1 98.9 
Methoxychlor 50%, WP, 2 Q 98.3 
Parathion 15%, WP, 1.5 2 98.1 
EPN 25%, WP, 1 1 98.8 
Perthane 25%, WP, 3 2 98.3 
Dilan 25%, WP, 2 8 97.9 
Untreated 12.2 

Series Be 
DDT 50%, WP, 8 0.1 98.8 
Methoxychlor 50%, WP, 8 2 98.0 
EPN 25%, WP, 4 a 98.8 
Parathion 15%, WP, 6 2 98.6 
Untreated 12.0 


® All treatments received three post-blossom sprays. 

» First and second sprays contained ferbam at 1.5—100 rate and 1 pint miscible 
oil; third spray contained 4-4-100 bordeaux and 8 pints of miscible oil. Sprays 
applied June 26, July 10 and Aug. 14 at the rate of 200 to 225 gal./A. 

© First and second sprays contained ferbam at 6-100 rate and 1 pint miscible 
oil; third spray contained lime 12 pounds, tribasic copper sulphate 12 pounds 
and 1 quart of miscible oil. Sprays applied June 25, July 11 and Aug. 15 at the 
rate of 50 to 60 gal./A., 4X concentration, 


readily apparent that three applications of DDT, meth- 
oxychlor, EPN, parathion, Dilan or Perthane gave ex- 
cellent control. The concentrated sprays were equally as 
effective as the standard mixtures. It should be noted that 
untreated grapes were only 12% infested and this light 
infestation may have influenced the degree of control. 

The tests in 1953 were again run in two vineyards and 
all the treatments were applied as concentrated sprays as 
indicated in table 2. In series A, sprays of DDT, EPN, 


1 Authorized for publication on Feb. 20, 1957 as paper No. 2127 in the Jour- 
nal Series of the Pennsylvania Agricultural Experiment Station. Accepted for 
publication February 28, 1957. 
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of the grape berry moth. 1953. 


Per CENT 
MATERIAL AND PouNbs PER Infested 
100 GALLONs® Berries Control 

Series A» 
DDT 50%, WP, 6 0.3 97.7 
Parathion 15%, WP, 6 2 98.7 
EPN 25%, WP, 4 1 99.0 
Diazinon 25%, WP, 8 2 98.2 
Dilan 25%, WP, 8 3 97.0 
DDT-parathion® 99.3 
Untreated 11.6 

Series B4 
DDT 50%, WP, 3 0.6 97.4 
Methoxychlor 50%, WP, 4 2.8 88.2 
EPN 25%, WP, 2 0.3 98.6 
Untreated 22.9 


® All treatments received three post-blossom sprays. 

» First and second sprays contained ferbam at 6-100 rate and 1 pint of misci- 
ble oil; third spray contained lime 12 pounds, tribasic copper sulphate 12 pounds 
and 1 quart of miscible oil. Sprays applied June 26, July 8 and Aug. 11 at 50 to 
60 gal./A., 4X concentration. 

© Black Leaf 253, product of Virginia-Carolina Chemical Corporation, WP 
containing 25% DDT and 3% parathion. 

4 First and second sprays contained ferbam at 3-100 rate and 1 pint of 
miscible oil; third spray contained lime 6 pounds, tribasic copper sulphate 6 
pounds and 1 quart of miscible oil. Sprays applied June 27, July 9 and Aug 12 at 
100 to 125 gal./A., 2X concentration. 


parathion, Diazinon, Dilan or a mixture of DDT and 
parathion, applied at four times the normal concentra- 
tion, gave promising results. In series B, sprays of EPN, 
methoxychlor or DDT were applied at two times the 
normal concentration. As may be observed, sprays of 
methoxychlor were not as effective as DDT and EPN. 


Table 3.—Efficiency of concentrated sprays for the control 
of the grape berry moth. 1954-55. 


Per CENT 


MatTerIAL AND Pounps Appuica- Infested 


PER 100 GALLONS®* TIONS Berries Control 


DDT 50%, WP, 6 12&3 0.4 97.8 
Dilan 25%, WP, 8 12&3 a 96.5 
Parathion 15%, WP, 6 12&83 3 98.5 
EPN 25%, WP, 4 1,2&3 2 99.0 
Diazinon 25%, WP, 8 12&3 5 97.5 
DDT 50%, WP, 8 1 4 98.0 
EPN 25%, WP, 4 2&3 

DDT 50%, WP, 8 1 5 97.7 
EPN 25%, WP, 4 3 


Untreated 20.0 


952 

DDT 50%, WP, 6 12&3 0.3 98.7 
DDT 50%, WP. 6 1&2 d 99.5 
Methoxychlor 50%. WP,8 3 

DDT-parathion,? 10 12&3 2 99.0 
Diazinon 25%, WP, 8 12&3 2 98.9 
Guthion 50%, WP, 2 12&3 | 99.5 
Untreated 21.5 


® First and second sprays contained ferbam at 6-100 rate and 1 pint of misci- 
ble oil; third spray contained lime 12 pounds, tribasic copper sulphate 12 pounds 
and 1 quart of miscible oil. 

» Sprays applied June 24, July 8 and Aug. 13 at 50 to 60 gal. /A., 4X concen- 
tration. 

© Sprays applied June 20, June 30 and Aug. 3 at 60 to 70 gal./A., 4X con- 
centration. 

4 Black Leaf 253, product of Virginia-Carolina Chemical Corporation, WP 
containing 25% DDT and 3% parathion. 
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In the 1954 tests all the materials were applied «s con. 
centrated sprays. The results are shown in table 3. It jg 
evident from the data that three applications of DDT, 
Dilan, EPN, parathion or Diazinon gave satisfactory 
control. A split program of one spray of DDT and two 
applications of EPN gave promising results and was as 
effective as a straight DDT schedule. 

In 1955 concentrated sprays of various insecticides as 
well as a split schedule of DDT and methoxychlor were 
tested. The results are also given in table 3. It may be 
noted that concentrated sprays of DDT, parathion, 
Diazinon, Guthion or a mixture of DDT and parathion 
gave excellent control. A split program of two applica. 
tions of DDT and one of methoxychlor was as effective 
as a straight DDT program. 

During the season of 1956 tests were performed to 
secure further information on control with split programs 
of DDT and certain other insecticides. The results are 
shown in table 4. In vineyard A, split schedules of DDT 


Table 4.—Efficiency of dilute and concentrated sprays for 
the control of the grape berry moth in 1956. 


Per Cent 
GaLLoxns ————— 
MATERIALS AND Pounps APPLICA- PER Infested 
PER 100 GALLONS TIONS ACRE Berries — Control 
Vineyard A, Dilute Series* Me 

DDT 50%, WP, 1.5 12&3 250-300 1.4 96.6 
DDT 50%, WP, 1.5 1&2 250 1.9 95.3 
Methoxychlor 50°, WP, 2 $ 300 

DDT 50%, WP, 1.5 1&2 250 1.1 97.2 
Parathion 42%, EC? 3 300 

DDT 50%, WP, 1.5 1&2 250 1.4 96.5 
Parathion 15%, WP, 1.5 3 300 

Diazinon 25%, WP 12&83 250-300 1.5 96.4 
Guthion 25%, WP 1,2&8 250-300 0.8 96.3 

Vineyard A, Concentrated Series® 

DDT 50%, WP, 6 12&3 60-70 1.5 96.3 
DDT 50%, WP, 6 1&2 60 1.5 96.2 
Methoxychlor 50%, WP, 8 3 75 

DDT 50%, WP, 6 1&2 60 1.0 97.4 
EPN 25%, WP, 4 3 75 


DDT 50%, WP, 6 1&2 60 0.8 98.1 
Parathion 42%, E.C.4 3 75 

Untreated 41.2 

; Vineyard B, Concentrated Series® 

DDT 50%, WP, 6 12&3 60-75 0.2 98.4 
DDT 50%, WP, 6 1&2 60 2 98.8 
Perthane, 50%, WP, 8 3 75 

DDT 50%, WP, 6 1&2 60 38 98.2 
Perthane, 50%, EC! 3 75 

Untreated 14.5 


® First and second sprays contained ferbam at 1.5-100 rate and 1 pint of mis- 
cible oil; third spray contained lime 4 pounds, tribasic copper sulphate 4 pounds 
and 1 quart of miscible oil. ‘All treatments at normal concentration. ; 

> Orthophos-4, product of California Spray-Chemical Corporation, contain- 
ing 4 pounds of parathion per gallon. Miscible oil not used with this formula- 
tion. Applied at 0.5 pint per 100 gallons. ; 

© First and second sprays contained ferbam at 6-100 rate and 1 pint of misci- 
ble oil; third spray contained lime 12 pounds, tribasic copper sulphate 12 pounds 
and 1 quart of miscible oil. All treatments 4 X normal concentration. Sprays ap- 
plied June 26, July 9 and Aug. 14. 

4 Paraflow-400, product of Stauffer Chemical Co., containing 4 pounds of 
parathion per gallon. Applied at 1 quart per 100 gallons. ‘ 

© First and second sprays contained ferbam at 6-100 rate and 1 pint of mis 
cible oil; third spray contained lime 12 pounds, tribasic copper sulphate 12 
pounds and 1 quart of miscible oil. Sprays applied June 29, July 10 and Aug. 
15. 
f Emulsifiable product of Rohm & Haas Co., containing 4 pounds of Perthane 
per gallon. Applied at 1 quart per 100 gallons. 
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and methoxychlor, DDT and parathion or DDT and 
EPN were as effective as a straight program of DDT. It 
jsevident from the data that concentrated spray mixtures 
were as effective as the dilute sprays. Three applications 
of either Diazinon or Guthion were quite toxic to the in- 
sect and the results were comparable to those obtained 
with DDT. In vineyard B, a split schedule of DDT and 
Perthane gave results comparable to those obtained with 
a straight program of DDT. It should be noted that the 
light infestation of grape berry moth in this vineyard 
may have influenced the degree of control obtained with 
the various spray programs. 

SumMARY AND ConcLusions.—Experiments conducted 
in Erie County, Pennsylvania during the seasons of 1952- 
56, inclusive, indicated that there are several insec- 
ticides that may be used to control the grape berry moth, 
Paralobesia viteana (Clem.), under field conditions. DDT 
was outstanding for the control of this insect. A spray 
program of three applications of DDT, at the rate of 12 
ounces to 100 gallons, gave excellent control. Split 
schedules of DDT and parathion, DDT and EPN, or 
DDT and methoxychlor gave results comparable to those 
obtained with a straight program of DDT. In the split 
programs DDT was used in the after-blossom and 10-day 
sprays and either parathion, methoxychlor or EPN in the 
last spray. Split programs appeared to be more satisfac- 
tory than a straight schedule of DDT in that the spray 
residues were not a serious problem at harvest. Previous 
work, as well as recent findings, indicated that late-season 
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applications of DDT have a marked influence on the 
residues remaining at harvest. | 

Parathion and EPN were tested for several seasons and 
gave excellent control. Although these materials offered 
protection for a relatively short time they appeared to be 
equally as effective as DDT under field conditions. 

Methoxychlor was quite toxic to grape berry moth. 
However, in heavily infested vineyards a straight schedule 
of methoxychlor was slightly less effective than DDT. 

Perthane and Dilan gave promising results, but fur- 
ther tests in severely infested vineyards are necessary in 
order to establish their value definitely in the control of 
the grape berry moth. 

The data indicate that Diazinon and Guthion were also 
quite effective against this pest. The results were com- 
parable to those obtained with DDT and parathion. 

The experiments indicated that concentrated sprays 
were as effective as dilute sprays for the control of the 
grape berry moth. 
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Control of the Plum Curculio with Soil Insecticides! 


Outver I. Snapp, Entomology Research Division, Agric. Res. Serv., U.S.D.A2 


The purpose of this paper is to report the results of a 
continuation of soil-box experiments at Fort Valley, Ga., 
initiated in 1952 (Snapp 1953) in the control of larvae and 
pupae of the plum curculio (Conotrachelus nenuphar 
Herbst.) with soil insecticides. The work also included 
orchard experiments in 1954, 1955, and 1956. * 

Sor.-Box boxes holding 1 
square vard of soil 63 inches deep (Snapp 1939) were used 
for the preliminary experiments. Dusts were applied with 
a household sugar shaker or sieve, and granules were 
broadcast by hand. They were immediately worked into 
the soil with a small hand rake to a depth of 3 inches for 
5 minutes. Each treatment was applied to two boxes in 
1952 and to one box in subsequent years. The boxes were 
exposed in the open to the weather. Each year the soil 
boxes were stocked with newly matured first-generation 
larvae as soon as such larvae became available in numbers. 
Records of adult emergence and length of survival were 
maintained as a measure of the effectiveness of the in- 
secticides. Treatments, once applied, were evaluated each 
year as long as they remained effective in preventing 
adult emergence. The treatments and the results are 
given in table 1. 

Aldrin dust was very effective against immature stages 
of the plum curculio for 4 years. Dieldrin dust at 2 
pounds per acre was not quite so effective as aldrin the 


first 4 years, but at 4 pounds it was nearly as effective 
the first 3 years and slightly more so the fourth year. It is 
possible that the residual value of dieldrin will be found 
better than that of aldrin as these experiments are con- 
tinued. Tests of aldrin granular and emulsifiable formula- 
tions, started in 1954, have not yet revealed any marked 
differences due to formulation. Other materials that show 
promise include heptachlor, tested for 3 years, and chor- 
dane, tested for 1 year. The residual value of isodrin 
appears to be poor. 

Under some conditions there was considerable mortal- 
ity among the adults after they emerged from treated soils. 
However, these results were so irregular that no conclu- 
sions can be drawn from them. 

Auprin Som TREATMENT IN OrcHARDS.— 
Tests with aldrin in commercial peach orchards were 
started in 1954, when the soil under 1,464 regular Elberta 
peach trees was treated with a dust at the rate of 4 pounds 
of aldrin per acre. The experimental area was divided 
into six blocks, three of which were treated. Similar tests 
with a granular formulation were started in 1955, when 
the soil under 1,904 Sullivan’s Elberta peach trees was 


1 Accepted for publication February 28, 1957. Presented at the Fourth An- 
nual Meeting of the Entomological Society of America at New York, N. Y., 
December 27-30, 1956. 

2 Julius P. Hollon assisted with the experiments reported in this paper. 
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Table 1.—Results of soil-box experiments with insecti- 
cides for the control of the plum curculio, 1952-56. 


Per Cent Emercine as 


1956 


InsecticipE FormvLa- 
TION (POUNDS OF 
Active INGREDIENT 
PER ACRE) 


Aldrin dust 
2 
4 


1952 1953 1954 1955 


(187- 
(750) (223) 200) (750) (750) 


Date Sow 
TREATED 


May 2, 1952 


0. 

0. 

Dieldrin dust 


May 28, 1953 Heptachlor dust 4 - 0 0 


Isodrin dust 4 5.8 22.9 33.6 


Aldrin granules 4 . 0.5 0.5 O 
Aldrin emulsifiable con- 
centrate 4 2.2 


April 12, 1954 
May 31, 1955 Chlordane granules 4 - — 0.9 0.3 
April 20, 1956 


Untreated Check 67.9 47.8 42.6 40.8 64.6 


® Numbers in parentheses indicate number of larvae per box. 


treated at the rate of 2 pounds of aldrin per acre. Gran- 
ules can be applied and distributed more uniformly than 
dusts and without drift. The granules were broadcast by 
hand under the spread of the trees. In both years the 
aldrin was covered and worked into the soil from 2 to 4 
weeks after it was applied. 

In 1956 the soil under 592 Pearson Elberta peach trees 
was treated with granules at the rate of 2 pounds of 
aldrin per acre, and immediately after each application 
the granules were covered and worked into the soil with a 
double-section disk harrow running one way. Then after 
the soil under all the trees had been treated, the block was 
harrowed the other way. There was no rain from the time 
the treatment was started until it was finished and cross- 
harrowed. This experiment was unreplicated. 

In the summer of 1954 sixteen trees in each of the six 
blocks were jarred to determine the adult infestation on 
the trees under which aldrin dust had been applied be- 
tween February 8 and March 15, as compared with that 
on the trees that had not been treated. There were more 
plum curculio adults in the plots that did not receive the 
soil treatment. Counts were also made on 96 trees to 
determine the effect of the treatment made early that 
year on infestations in the season’s crop. However, much 
of the crop was harvested before or just after second- 
generation eggs had been laid. The harvest infestation, 
0.2% for the treated plot and 0.8% for the untreated, 
was too low to permit conclusions to be drawn. 

Freezes in 1955 caused a nearly complete loss of the 
peach crop. In 1956 there was also considerable cold in- 
jury, and the peach crop was very light and irregular. 
Because of our inability to rear larvae from peaches in 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 50, No. 4 


Georgia, Ed. H. Smith, of the New York (Geneva) State 
Agricultural Experiment Station, supplied 20,000 plum 
curculio larvae for our work in both these years. This 
cooperation was invaluable, enabling us to supplement 
the naturally occurring population in field plots. 

On June 30, 1955, four trees in the center of each block 
in the commercial orchards then under experiment were 
jarred to determine the new (first-generation) adult in. 
festation that had developed. Because there was virtually 
no crop that season, any natural infestation had been 
supplemented by placing (on May 30) 25 mature larvae 
on the soil under each record tree. There were more than 
twice as many adults on the trees in the untreated than in 
the treated plots. In the absence of a crop in the experi- 
mental orchards it was not possible to make any fruit 
counts. 

In 1956, because of frost damage, too few fruits were 
left in the Pearson and regular Elberta peach orchards to 
justify spraying. Those left in the Sullivan’s Elberta 
orchard received an incomplete schedule of parathion 
sprays. On May 7 and 8 twenty-five full-grown larvae 
were placed on the ground under each of four trees in 
the center of each replicate in the experimental blocks. 
The trees were jarred during the period June 18 to 21, 
The records, given in table 2, show that the treatment 
prevented or reduced the development of adults. The 
results appeared to be better in the unreplicated test, in 
which the insecticide was covered and worked into the 
soil immediately after its application. 

On May 9, 1956, a square-yard cage was placed under 
the spread of each of two treated trees and one untreated 
tree in the orchard in which experiments had been started 
that season, and 100 mature full-sized larvae were placed 
on the soil under each cage. The next day 100 more larvae 
were similarly placed. After curculio emergence began 
on June 11, the cages were examined daily. Not a single 
adult emerged in the two cages placed under treated 
trees, whereas 44.5% of the larvae emerged as adults in 
the cage under the untreated trees. At harvesttime—June 
28 to July 17—the fruit from each of these trees, or from 
nearby trees if there was none on these, were cut open. 
The results are also given in table 2. 

These results confirmed those of a similar test that had 
been made in the spring of 1955. The area under a peach 
tree on the station grounds was treated with granules at 
the rate of 2 pounds of aldrin per acre. A screen cage was 
constructed over this tree, and 750 full-grown mature 
plum curculio larvae were placed on the soil underneath, 
between May 30 and June 3. Beginning June 30 this tree 
was jarred regularly, but only one adult was taken from 
it. 

The examinations of the fruit harvested from three 
commercial Elberta peach orchards that had received 


Table 2.—Results with soil treatment with aldrin for control of plum curculio in peach orchards. 


Pounpbs or 
ALDRIN 
PER ACRE 


Date Sor. TREATED ForMULATION 


Fruit Spray 
IN 1956 


Per Cent or HARVESTED 


JARRING ReEcorDs (Cur- 
PeacuEes INFESTED 


CULIOS PER TREE) 


Untreated 
Soil 


Treated 


Treated Untreated 
i Soil 


Soil Soil 


Dust 4 None 
Granules 2 


Granules 2 


Feb. 8 to Mar. 15, 1954 
Feb. 25-28, 1955 


Jan. 3-5, 1956 None 


Parathion 


0.17 0.33 1.2 
0.58 2.33 18.5 
0 2.50 0 
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the aldrin soil treatment show that it has value for the 
control of the plum curculio in its immature stages. The 
best results were obtained in the orchard in which the 
aldrin was covered and worked into the soil immediately 
after its application. 

Conciusions.—The results of these experiments indi- 
cate that it may be possible to control the plum curculio 
in peach orchards for four or more years by applying an 
insecticide once under the spread of the trees. Immediate 
covering and working into the soil may be desirable. The 
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use of an insecticide on the fruit for plum curculio control 
might then be eliminated. 
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The Effect of Food on Fat Accumulation of Resistant and 


Susceptible Boll Weevils' 


Rainwater & Gaines (1951) showed that the boll wee- 
vil, Anthonomus grandis Boh., was progressively more 
difficult to control with chlorinated hydrocarbons and 
calcium arsenate as the cotton growing season advanced. 
Lang & Fitzhugh (1946) and Diephius & Dunn (1949) 
found that the fat soluble chlorinated hydrocarbons are 
concentrated in animal fat. However, Reiser e¢ al. (1953) 
concluded that the increased fat content of the boll weevil 
was not directly related to its increased resistance to 
chlorinated hydrocarbons as the cotton growing season 
advanced. Langenbuch (1955) showed that the difference 
in fat content between third and forth instar larvae of the 
Colorado potato beetle, Leptinotarsa decemlineata (Say), 
was directly proportional to the increase of the LD50 for 
DDT in the two instars. 

Boll weevil resistance to chlorinated hydrocarbon in- 
secticides was reported by Roussel & Clower (1955) in 
Louisiana. Since some workers have suggested a relation- 
ship between the fat content of insects and susceptibility 
to the chlorinated hydrocarbon insecticides (Munson 
et al. 1954, Langenbuch 1955), the study reported herein 
was initiated to determine (a) the fat content of resistant 
and susceptible boll weevils reared under the same condi- 
tions and (b) the amount and rate of fat accumulation 
of adult boll weevils when furnished bolls, blooms or 
squares for food. 

Mernops.—Boll weevils.—The boll weevils used in this 
study were obtained from infested squares and bolls col- 
lected from the field. Resistant and susceptible cultures 
were maintained at Baton Rouge in a continuously lighted 
laboratory held st 80° F. temperature and 65% relative 
humidity. Resistant and susceptible boll weevils were 
obtained from the St. Joseph and Baton Rouge, Louisiana 
areas, respectively. Infested squares were placed in 
wooden 12”X18"X4" boxes with black cloth tops and 
bottoms. A small amount of water was added to each box 
every 2 days to prevent excessive drying of the squares. 
Boll weevils were collected twice daily from glass vials 
aly in holes drilled into the sides of the square-holding 

Xes. 

The infested bolls were spread out in screen bottomed 
trays 30"X18”X4" in size and placed inside a small 
screened enclosure inside the laboratory. The boll weevils 
were collected twice daily from the sides of the screen 


cage. 


J. R. Brazzex,? L. D. Newsom,? Joun S. Rousset,’ R. C. Garves,’ and T. Cascro* 


Lots of about 60 boll weevils were placed in 1-gallon, 
vented ice cream cartons and fed daily until used in tests. 
Food furnished each lot consisted of either five white 
blossoms, 12 squares one-half to two-thirds grown or four 
bolls less than 14 days old. Thus boll weevils of the follow- 
ing categories were obtained: (a) resistant and susceptible 
larvae reared in squares and adults fed blossoms, squares 
or bolls, (b) resistant and susceptible larvae reared in bolls 
and adults fed blossoms, squares or bolls. 

Fat anp WATER Content.—Fat content in this study 
was determined as the total of ether-extractable material 
expressed as a percentage of the dry weight of the boll 
weevils. Samples of approximately 50 boll weevils were 
used in each fat determination. Weighed samples of boll 
weevils were killed and dried in an oven at 70° C. for 4 
hours. The boll weevils were then ground coarsely and 
dried to a constant weight during the next 20 hours. The 
dried, weighed boll weevils were extracted with ethyl] 
ether in a Soxhlet apparatus for 6 hours. The material 
extracted was evaporated to a viscous consistency at 
70° C., held overnight in the oven at the same temperature 
and then dried over calcium chloride in a dessicator to a 
constant weight. 

Resutts.—Water content and fat determinations 
were made on laboratory-reared boll weevils from August 
16 through November 10. Two or more determinations 
were made daily for each category of boll weevils begin- 
ning with unfed boll weevils through those fed 7 days. 
Those fed 8 days through 22 days were grouped into 3 
groups of 5 days each and the mean fat content plotted on 
the 10th, 15th and 20th day of feeding. A total of 294 
extractions were made which included over 16,000 boll 
weevils. 

The fat content of resistant and susceptible boll weevils 
including unfed through 18 days of feeding is shown in 
figure 1. The plotted points represent a weighed average 
of all fat determinations for all categories of boll weevils 
at each time period. The points follow a smooth trend, 
indicating that the rate and amount of fat accumulated 
was about the same for resistant and susceptible boll 


1 A joint publication of the Louisiana Agricultural Experiment Station and 
the Entomology Research Division, Agricultural Research Service, U. S. De- 
partment of Agriculture. Accepted for publication March 5, 1957. 

2 Louisiana Agricultural Experiment Station. 

3 Entomology Research Division, Agricultural Research Service, U. S. De- 
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Fic. 1.—Rate of fat accumulation and fat content of resistant and susceptible boll weevils. 


weevils. These data appear to offer conclusive evidence 
that the accumulation of more fat by the boll weevil is 
not responsible for its resistance to the chlorinated hydro- 
carbon insecticides. 

The fat content and its rate of accumulation by boll 
weevils reared in squares and fed as adults on squares, 
blossoms or bolls for varying lengths of time are shown in 
figure 2. Square-fed boll weevils accumulated less fat and 
at a slower rate than those fed on blossoms and bolls. 
The square-fed boll weevils accumulated slightly less 
than 15% fat in 10 days and then the amount of fat de- 
creased. Boll weevils gained more fat and at a faster rate 
when fed bolls less than 14 days old than the other two 
foods, accumulating over 35% fat in 15 days. Fat accu- 
mulation by boll weevils fed blossoms was intermediate 
compared with the squares and bolls. 

The amount of fat and rate of accumulation by boll 
weevils reared in bolls and fed squares, blossoms or bolls 
is shown in figure 3. The fat accumulation in relation to 
food was the same as for square-reared boll weevils with 
most fat gained by those fed bolls, intermediate for 
blossoms and least when fed squares. 

Figure 4 shows the percentage of fat accumulated by 
boll-reared and square-reared boll weevils. The points 
represent a weighted average of per cent fat of each 
determination of the boll weevils fed on blossoms, bolls 
and squares. The unfed boll-reared boll weevils were al- 
most four times as fat as the unfed square-reared boll wee- 
vils. The rates of fat accumulation were about the same 
for both but the boll-reared boll weevils maintained about 
a 10% higher level of fat over the 2-week period of the 
tests. 


Data presented in table 1 show that as the percentage 
of fat increases, the percentage of water decreases. Super- 
ficially, this appears to be a case of displacement of water 
by the deposited fat. However, based on milligrams of 
weight per boll weevil, the water content actually in- 
creases in the 5, 10 and 15% fat classifications. The total 
water content decreased slightly at 20°% and remained 
constant until the 35% level of fat accumulation, when it 
dropped sharply. Throughout the range of fat accumula- 
tion an increase in fat was accompanied by a lowered 
proportion of water to total boll weevil weight. 

The average live and dry weight per boll weevil in- 
creased with each increase in fat except at the 35% 
level. The average weight of fat per boll weevil increased 


Table 1.—The number of weevils extracted with the per- 
centage of water and mean weight per weevil of live weight, 
dry weight, fat and water for seven classifications of weevils 
based on percentage of fat. 


Mean WErGuT PER Bout 
WEEVIL IN MILLIGRAMS 


Fat Water 


NUMBER 
WEE- 

VILS 


PER 
CENT 
WaTER 


Per NuMBER 
CENT oF DETER- 
MINATIONS 


Live Dry 


11.3 
14.0 
15.4 
15.5 
16.2 
17.0 
13.8 


5 69.7 
10 64.3 
15 61.2 
20 56.8 
25 54.8 
30 52.0 
35 47.6 


9 
9 


8. 
8. 


8 
6 


® The fat classification of 5% includes all determinations with a fat content 
up to 7.5%. The 10% classification includes from 7.6 through 12.5%, ete. 
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Fic. 2.—Rate of fat accumulation and fat content of boll weevils reared in squares and adults fed squares, blossoms or bolls, 


BLOOMS 


10 15 
DAYS 


Fic. 3.—Rate of fat accumulation and fat content of boll weevils reared in bolls and adults fed squares, blossoms or bolls, 
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PER CENT FAT 


BOLL REARED 


SQUARE REARED 


* with each increase in percentage of fat. However, the 
. increases in fat and water per boll weevil does not account 
’ for the total increases in live and dry weight. The boll 
weevils at the 5% level of fat contained 0.2 milligrams of 
fat and the dry weight was 3.4 milligrams per boll weevil. 
At the 30% level the respective values were 2.4 and 8.3. 
This represented an increase of 2.2 milligrams of fat while 


re the dry weight increased 4.9 milligrams in weight. Thus 
- approximately one-half the total increase in dry weight is 
4 accounted for as fat. 
f SummMary.—Fat content was determined for resistant 
, and susceptible boll weevils reared in the laboratory 
; and fed on blossoms, bolls or squares. Fat content as used 
; in this study was the total ether-extractable material 
.’ expressed as a percentage of the dry weight of the boll 
st weevils. Total fat and rate of accumuiation by resistant 


and susceptible boll weevils were approximately equal 
* throughout the feeding period. Unfed boll-reared boll 

weevils were fatter than unfed square-reared boll weevils 
and approximately the same difference in fat content was 
et evident after feeding for 20 days. Both boll-reared and 
:° square-reared boll weevils accumulated more fat when 
{ fed bolls, less on blossoms and least fat on squares. 


DAYS 


Fic. 4.—Rate of fat accumulation and fat content of boll-reared and square-reared boll weevils. 
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Resistance to the Chlorinated Hydrocarbon Insecticides in the Boll Weevil! 


Joun S. Rousser and Dan F. CLowsr, Louisiana Agricultural Experiment Station, Baton Rouge 


The boll weevil, Anthonomus grandis Boh., became 
difficult to control in some areas of Louisiana during the 
late summer of 1954. Adverse climatic conditions, includ- 
ing high temperatures, high wind velocities and low 
humidities, were considered responsible for poor control 
obtained. 

Under entirely different climatic conditions in 1955 
even more difficulty was experienced in controlling the 
boll weevil. Adverse weather conditions and improper 
application techniques were no doubt responsible for some 
but not all of these failures. However, in many situations 
these factors were not acceptable as being entirely 
responsible for inadequate control. Growers who had ob- 
tained excellent boll weevil control for several years with 
the chlorinated hydrocarbons had infestations completely 
out of control. 

Laboratory studies were undertaken in July 1955 to 
obtain more precise information on populations of boll 
weevil responding differently to the chlorinated hydro- 
carbon insecticides under existing field conditions. Pop- 
ulations were collected from areas where complete failure 
tocontrol was being reported. A reference test population, 
hereafter referred to as the BR strain, was collected from 
Baton Rouge, La., where only a small portion of the 
limited cotton acreage received insecticide applications 
yearly. Weevils in this area are easily controlled in the 
field by applications of the chlorinated hydrocarbon in- 
secticides. 

Results of this work were published in a preliminary 
report by Roussel & Clower (1955). A second progress 
report on resistance in the boll weevil was issued by 
Roussel et al. (1956). The purpose of this paper is to pre- 
sent the status of boll weevil resistance to the chlorinated 
hydrocarbon insecticides as it existed in Louisiana during 
the 1956 season. 

The term “‘resistance”’ is used to denote the added abil- 
ity to withstand an insecticide acquired by breeding from 
those individuals which survive exposures to that par- 
ticular toxicant insufficient to wipe out the whole colony, 
as defined by Hoskins & Gordon (1956). 

Metuops AND tests.—Boll 
weevil-infested squares were collected from several 
trouble areas in Louisiana. In addition continuous collec- 
tions were made of the BR strain for use as a reference 
population. Square collections were brought to the labora- 
tory and placed in trays to allow the boll weevil time to 
develop and to emerge as adults. After emerging the 
adult weevils were fed cotton blooms for a 2-day period 
prior to use in tests. 

Two types of tests were conducted in the laboratory: 
cage tests, and topical application in which a known 
amount of insecticide was delivered in a measured dose to 
the individual boll weevil. 

The cage tests were conducted as follows: Terminals of 
cotton were cut in the early morning, brought to the 
laboratory, dusted in a laboratory dust tower and placed 
on a bench. The stem of each cotton terminal remained 
in water at all times except when being transferred from 
one container to another while being dusted. Individual 


terminals were enclosed ina screen cage and approximately 
10 boll weevils placed in each cage. The cages were of two 
types: (1) 6-X6-12-inch wooden frame cages enclosed 
on three sides with a 16-mesh plastic screen with a glass 
plate on the fourth side: (2) circular screen cages 6 inches 
in diameter and 7 inches long made of 16-mesh galvanized 
screen with an embroidery hoop at each end. One end was 
closed with white percale cloth. 

In the topical application tests, a measured dosage of 1 
microliter was delivered to the dorsal surface of the meta- 
thoracic segment of the individual boll weevils. The 
insecticides were serially diluted to desired concentra- 
tions in each dosage in order to obtain mortality ranges 
suitable for computation of the dosage-mortality curves. 
Initially, individual boll weevils were weighed prior to 
treatment with the insecticide; later, boll weevils were 
weighed in groups of 10. Dosages were computed on the 
basis of milligrams of insecticide per gram of body weight. 

Records were obtained in the cage tests at the end of 24 
hours for 3% BHC-5% DDT-40% sulfur, endrin and 
Phosdrin, and 48 hours for all other insecticides. Mortal- 
ity records were obtained at the end of 24 and 48 hours 
for boll weevils treated topically. Per cent control was 
corrected for natural mortality in untreated control 
cages in the cage tests and for acetone treated controls in 
the topical application tests. 

Field tests —Randomized replicated field plot tests 
were conducted in 1955 and 1956. In 1955 field tests were 
conducted at St. Joseph, Natchitoches and Church Point, 
La. Field tests were located at St. Joseph, Alexandria 
and Church Point, La., in 1956. Size of plots varied be- 
tween tests and ranged from 0.1 acre to 0.66 acre, de- 
pending on land and application equipment available in 
each locality. Records of boll weevil and bollworm infesta- 
tions and yields of seed cotton were obtained. 

Resutts.—Laboratory tests —Results of laboratory 
cage tests comparing boll weevil adults reared from in- 
fested squares of the BR strain and from infested squares 
collected at St. Joseph, hereafter referred to as the SJ 
strain, are given in table 1. This series of cage tests shows 
that boll weevil populations collected from the two areas 
responded differently to the chlorinated hydrocarbon 
insecticides. Response of the BR strain was that normally 
expected of a population susceptible to these insecticides. 
Results obtained with the SJ strain were far below expec- 
tation for the chlorinated hydrocarbon insecticides and 
indicated resistance to these insecticides. Mortality of 
both strains was essentially alike to Phosdrin and calcium 
arsenate except at the lower dosages, where a slightly 
greater mortality of the BR strain was obtained. 

Further evidence that boll weevil populations collected 
from different localities in Louisiana were responding 
differently to the chlorinated hydrocarbon insecticides is 
shown by the large amount of endrin topically applied 
that was necessary to kill weevils of the SJ strain and 
other strains collected from several localities as compared 
with the amount necessary to kill the BR strain. Results 


1 Accepted for publication March 5, 1957. 
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Table 1.—Laboratory cage tests eres r cent con- 
trol of the Baton Rouge strain and of the St. Joseph strain 
of the boll weevil with several insecticides. 


Pounpbs FormMuLATED Dust MrixTuRE 


PER ACRE 
STRAIN 5 10 20 40 
2% Dieldrin-5% DDT 
Baton Rouge 51 90 
St. Joseph 2 14 29 33 
38% BHC-5% DDT-40% Sulfur 
Baton Rouge 40 80 82 
St. Joseph 14 13 29 39 
20% Toxaphene-40% Sulfur 
Baton Rouge 57 99 81 
St. Joseph 24 19 30 
2% Endrin-O% Sulfur 
Baton Rouge S4 99 100 
St. Joseph 0 6 41 47 
2.5% Heptachlor-5% DDT-40% Sulfur 
Baton Rouge 20 48 71 71 
St. Joseph 10 18 ll 16 
2% Phosdrin 
Baton Rouge 65 91 93 
St. Joseph 58 82 100 
Pounds per Acre 


+ 8 12 


Calcium Arsenate 
Baton Rouge 60 72 79 
St. Joseph 44 47 73 


of the 1955 series of topical application tests are given in 
table 2. 

The LD50 of endrin for the SJ strain was approximately 
145-fold that required for the BR strain. Essentially the 
same amount of endrin was required for collections from 
Waterproof and Natchitoches, La. A collection from the 
Cheneyville locality was intermediate. 

Following the 1955 season the question of whether this 
differential response of the boll weevil to the chlorinated 
hydrocarbon insecticides would persist in 1956 was one 
that attracted considerable attention. Results of topical 
application studies with first generation boll weevils in 
1956 and also the results of studies with succeeding 
generations in 1956 are given in table 3. 

Additional evidence that boll weevil populations were 
responding differently to the chlorinated hydrocarbon 
insecticides was obtained in randomized block field experi- 


Table 2.—LD50, expressed in mg./gm., for boll weevils 
collected from various localities in August, 1955. 


SOURCE OF 


INFESTATION ENDRIN GUTHION 
Baton Rouge 
Square 0.00084 + .00020 0.00029 + .00012 
Boll .00038 + .00013 
St. Joseph 
Square . 12370 + .0470 00061 + .00012 
W ater proof 
Boll . 11800 + .0267 .00069 + .00015 
Natchitoches 
Boll > .12947 .00063 + .00014 
Cheneyville 
Square 0309 + .0138 
Boll .0489 + .0158 
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ments conducted in Louisiana during 1955 and 1956, 
Results are given in table 4. 

Discussion or Resutts.—Laboratory cage tests con- 
ducted during August 1955 showed that weevils collected 
from the St. Joseph area where growers had failed to con- 
trol the boll weevil, responded differently to the chlorin- 
ated hydrocarbon insecticides from the Baton Rouge 
reference strain. A very low mortality of the SJ strain was 
obtained under the conditions of this series of tests for 
each of the following insecticides or mixtures of insec- 
ticides: Dieldrin-DDT, BHC-DDT, toxaphene, hepta- 
chlor and endrin (table 1). Mortality of the BR strain 
for the same compounds was high and as normally ex- 
pected for susceptible boll weevils in laboratory cage 
tests. 

A most striking feature of the cage tests was the failure 
to obtain an increase in control by increasing rates of 
application from 20 to 40 pounds per acre. 

Comparable control of both the SJ strain and the BR 
strain was obtained with calcium arsenate and Phosdrin 
except at the lower rates of application where slightly 
greater control of the BR strain resulted. Control of the 
SJ strain obtained with calcium arsenate and Phosdrin at 
the lower rates of applications may indicate an inherited 
vigor tolerance developed simultaneously with the devel- 
opment of resistance to the chlorinated hydrocarbon 
insecticides. 

Similar differential response to the chlorinated hydro- 
carbon insecticides resulted between the BR strain and 
boll weevils collected from St. Joseph, Natchitoches, 
Waterproof and Cheneyville, La., when insecticides were 
applied topically. Cotton growers in each of these areas 
failed to control the boll weevil with programs of chlorin- 
ated hydrocarbon insecticides during the 1955 season. 
The LD50 expressed in milligrams of insecticide per gram 
of body weight was approximately the same for the re- 


Table 3.—Response of square-reared boll weevils to in- 
secticides applied topically. 1956. 


Dosace (Ma./Gm.) 


LocaALITY AND STRAIN Guthion Endrin 


June (first generation) 


Baton Rouge 0.00053 
C195 .0012— .0002 

Robinson 0.0016 
C195 .0021— .0011 


St. Joseph 
(Cage Reared)* C195 
Berry (Waterproof) 0.0017 
C195 -0021— .0013 
July and August 


Baton Rouge 0.0013 0.0006 
C195 .0022— .0007 0008 — . 0004 
St. Joseph 0.0022 0.0903 
C195 .0040— .0011 13899 — .0583 
Alexandria 0. 2884 
C195 . 9367 — .0888 
Bastrop 0.0925 
. 7693 — .0111 
Monroe 0.0296 
C195 .0562— .0156 
Bunkie 0.0028 
CI95 . 0082 — .0009 


4350 — .0738 


-0402 — .0083 


0.1792 


0.0183 


® Overwintering adults collected at St. Joseph and first generation reared in 


screen cage at Baton Rouge, La. 
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Table 4.—Per cent boll weevil-punctured squares on dates indicated, rates and number of applications of various insec- 
ticides used, and yieid of seed cotton harvested in randomized block experiments in Louisiana, 1955-56. 


NATCHITOCHES, 1955 


Dates of Counts Check* Guthion Heptachlor DDT Dieldrin DDT i Toxaphene 


July 12° 22 22 25 21 
August 5 87 79 78 77 
September 10 19 90 93 98 
Seasonal average infestation Q7 81 85 

Ave. rate of tech. (Ib./A.) 0.42 ; 0.20 

No. of Applications 12 16 
Seed cotton/A. (Ibs.) 2584 838 
L.S.D. at 5% level, 251 Ib./A.; at 1% level, 353 Ib, a, 


Sr. Josepu, 1955 (13 APPLICATIONS) 


BHC-DDT-Sulfur Endrin-Sulfur 
Dates of Counts Check 3-5-40 2-0-40 Endrin Spray 


July 7 29 28 30 

August 1 72 45 45 

September 9 98 95 94 

Seasonal ave. infestation 67 55 60 
L.S.D. at 5% level, 5.70; at 1% level, 7.65 

Ave. rate of tech. (Ib./A.) 0.61-1.02 0.37 

Seed cotton/A. (Ibs.) 1630 1996 2100 
L.S.D. at 5% level, 323 lb./A.; at 1% level, 433 lb./A. 


Sr. 1955 (11 


BHC-DDT-Sulfur 
Dates of Count Calcium Arsenate 3-5-40 20% Toxaphene 1.5% Dieldrin 


August 9 64 68 67 70 
September 9 +t 83 88 86 
Seasonal average 46 75 73 77 
Ave. rate of dust (Ibs./A.) 14.1 22.3 21.5 22.5 
Seed cotton/A. (Ibs.) 
First harvest = 1612 1950 1937 
Second harvest 106 492 515 545 
L.S.D. at 5% level, 142 Ib./A.; at 1% level, 215 lb./A. 
Total seed cotton/A. (Ibs. ) 3080 2104 2465 2482 


Cuurcu Port, 1955 (11 


Dates of Counts Endrin Toxaphene Dieldrin+ DDT Guthion 


August 5 19 34 23 30 
September 10 43 21 24 26 
Seasonal ave. infestation 25 27 17 21 
Average rate of tech. 

(Ibs./A.) 0.2 2.5 0.15+0.5 0.3 
Seed cotton/A, (Ibs.) 2558 2248 2604 2415 


ALEXANDRIA, 1956 (8 APPLICATIONS) 


Malathion Guthion Endrin 
Dates of Counts +DDT +DDT EPN+DDT Endrin + Malathion 


July 25 24 31 31 30 
August 20 61 30 73 78 
Seasonal ave. infestation 28 64 60 
L.S.D. at 5% level, 8.97; at 1% 1 2 13.05. 
Ave. rate of tech. 
(Ib./A.) 1.0+.5 0.5+0.5 0.2 0.2+0.5 
Seed cotton/A., (Ibs.) 2289 2720 2280 2431 


(Continued on next page) 


* Plot originally untreated control. Applications of Guthion started August 9, 1955. 
Infestation prior to first application of insecticide. 
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Table 4.—Continued 


Vol. 50, No. 4 


Sr. Josepu, 1956 (13 Applications) 


BHC-DDT-Sulfur 
3-5-40 


Dates of Counts Check 


Calcium 
Arsenate 


Toxaphene+ 
DDT-Sulfur 


Guthion 


+DDT Thiodan 


- July 12 35 33 38 30 36 35 
August 27 97 96 12 24 93 98 
.? Seasonal ave. infestation 60 59 29 Q7 57 66 
q L.S.D. at 5% level, 12.98; at 1% level, 17.59. 
R Ave. rate of tech. (Ibs./A.) 0.51+.85 13.0 0.25+0.5 2.5+0.5 0.51 
Seed cotton/A. (Ibs.) 1929 2346 2878 2678 2240 2204 


L.S.D. at 5% level, 307 Ibs./A.; at 1% level, 416 Ibs./A. 


WatTERPROOF, 1956 


Ca. Ars. +5% 


5% Methyl pa- 


2.5% Guthion 


” DDT+1% 
i Dates of Counts Check (Ca. Ars.)° Parathion +5% DDT rathion+5% DDT 2% Endrin 

; July 9 34 14 16 19 16 

“ August 30 43 9 8 13 41 
i Seasonal ave. Q7 10 6 12 36 
Ave. rate of dust. A. (Ibs.) 15 15 15 15 15 

i No. of Applications: 12 on Rep. C & D; 15 on Rep. A & B 

a) Seed cotton/A. (Ibs.) 3290 3149 3545 3320 2423 


Cuurcu Pornt, 1956 (10 APPLICATIONS) 


F Dates of Counts Guthion+DDT Toxaphene+DDT Endrin Toxaphene 
August 1 23 21 21 26 

4 September 12 20 25 25 29 

» Seasonal ave. infestation 26 25 29 25 
Ave. rate of tech. (Ibs./A.) 0.25+0.5 2.0+0.5 0.2 2.5 
Seed cotton/A. (Ibs.) 3364 3484 3160 3040 


sistant collections, except the Cheneyville one, which was 
intermediate between the susceptible BR strain and the 
three highly resistant ones. The order of resistance was 


fe approximately 145-fold for the SJ strain and about 37- 

1% fold for the Cheneyville collection. 

ve Response to Guthion was alike for all collections except 

a the BR strain, which required slightly less. This was in 

4 ' the order of 2-fold difference and may be a vigor tolerance 
; as exhibited by house flies resistant to DDT (Hoskins & 


Gordon 1956). 

, The big question at the end of the 1955 season was 
Wy whether resistance would persist into 1956. Results of 
* topical application of endrin to collections early in 1956 
:’ showed that resistance had persisted (table 3). 

Randomized block field tests conducted during 1955 
; and 1956 add further evidence that boll weevil popula- 
4 tions in some areas of Louisiana developed resistance to 
a the chlorinated hydrocarbon insecticides. Guthion and 
J calcium arsenate were the only insecticides that effec- 
tively controlled the boll weevil population at Natchi- 


h 4 toches and St. Joseph in 1955, as shown in table 4. An in- 
F creased yield of seed cotton in excess of 1600 pounds per 
- acre resulted from efficient boll weevil control with Guth- 


ion over that harvested in the chlorinated iydrocarbon 
insecticides plots in the test at Natchitoches. In a com- 
parable test at Church Point all insecticides effectively 
controlled the boll weevil population (table 4). Although 
Ay the tests varied in the number of treatments, insecticides 
of the same lot were used when the insecticide appeared 
f. in more than one test. 


© Calcium arsenate treatment started after infestation reached 50% punctured squares. 


Failure to control the boll weevil was again experienced 
in these areas and others in 1956. Results of field plot 
experiments were similar to those of 1955. Guthion, 
methyl parathion and calcium arsenate gave effective 
control, whereas, the chlorinated hydrocarbons failed 
to control the boll weevil population. In the susceptible 
area at Church Point all insecticides effectively controlled 
the boll weevil population. Increases in yield of seed 
cotton were not as great as in 1955. Droughty conditions 
which existed in 1956 resulted in early maturing of the 
cotton crop and was not conducive to an excessively 
heavy boll weevil population. In addition, the ability of 
the cotton plant to compensate for loss of fruit by insects 
through its normal physiological process of maturing only 
approximately half of the squares which it is capable of 
producing makes it imperative that heavy boll weevil 
pressure be applied to show substantial increases in yield 
resulting from insecticidal control of the boll weevil. 
Gaines (1943) showed that a significant correlation 
existed for the number of days in which there was 0.3 
inch or more of rainfall from June 21 to August 19 and 
increased yield in experimental plots where weevils were 
collected. Gaines (1953) showed that a significant multiple 
correlation existed for the number of weevils found in 
ground trash in February and March, the number of 
days with 0.3 inch or more rainfall from June 21 to August 
19, and the percentage increase in yield in treated plots. 
The number of live boll weevils found in spring ground 
trash examination for the years 1954-56 were 1113, 2021, 
and 3654, respectively. The year 1954 was one of light 
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Table 5.—Climatic conditions of the St. Joseph, Natchitoches and Church Point areas, 1954, 1955, and 1956. 


— 
— 


TEMPERATURE 


RAINFALL 


1954 1955 


1956 


1954 1955 1956 


Max. Min. Ave. Max. Min. Ave. 


Max. Min. 


Total ND.3 Total ND.3 Total ND.3 


St. Joseph 

June 97 53 95 52 
101 67 95 64 
Aug. 100 62 95 


Natchitoches 
June 
July 
Aug. 


Lafayette 
June 
July 
Aug. 


1.73 
7.90 
6.23 
14.86 


5.07 
7.48 
4.81 
Total 16.36 


infestation with few reports of boll weevil trouble except 
in areas Where growers failed to obtain control in 1955. 
An examination of table 5 will show that very little rain- 
fall was recorded for Natchitoches and St. Joseph in 1954, 
above average for 1955, and below average for 1956. The 
number of adult weevils found in spring ground trash 
became increasingly larger during this period of years. 
High rainfall in 1955 combined with a heavy spring 
emergence was conducive to the development of severe 
boll weevil pressure early in the reproductive cycle of 
the cotton plant. In 1956 a greater spring emergence of 
boll weevils occurred but climatic conditions were more 
adverse to boll weevil development, resulting in the 
development of only moderate populations in Louisiana. 

Bishopp (1955) and Calhoun (1955) credited adverse 
climatic conditions and excess boll weevil pressure for the 
failure of the chlorinated hydrocarbon insecticides to con- 
trol boll weevils in 1955. Adverse climatic conditions and 
excessive pressure do not explain reported failures in some 
areas in Louisiana in 1954 and 1956 when severe drought 
stress was a limiting factor in production of cotton. 
Under equally adverse conditions the chlorinated hydro- 
carbon insecticides effectively controlled boll weevils at 
Church Point in 1955, and under more favorable condi- 
tions in 1956, while they were relatively ineffective at St. 
Joseph, Natchitoches, Alexandria and other areas where 
resistance to these insecticides was the factor. In addition, 
the differential response of the boll weevil populations in 
laboratory tests cannot be explained on the basis of 
adverse climatic conditions. 

Calhoun (1955) inferred that boll weevil infested 
squares collected from Baton Rouge were not comparable 
with infested squares collected from Northeast and 
Northwest Louisiana. First generation boll weevils of the 
SJ strain reared in screen cages at Baton Rouge showed 
the same degree of resistance when compared with the 
BR strain as those reared from infested squares collected 
at St. Joseph. 

Data from field tests conducted by the Tallulah Labo- 
tatory of the Entomology Research Division (Gaines 
1957) with chlorinated hydrocarbon insecticides since 


1950 indicate that resistance began to appear during the 
1953 season. The differences between check plots and 
plots treated with chlorinated hydrocarbon insecticides 
range from 31.7% for 1950 to 4.5% for 1955. Detailed 
differences are given in table 6. 

In 1955 it was determined that the technique of treat- 
ing boll weevils topically could be used to determine 
whether a population was resistant or not. Early in 1956 
an extensive program of testing weevils from various 
areas of the state was undertaken to delimit the area 
where resistance was a problem. By early July it was 
found that about two-thirds of the cotton acreage includ- 
ing most of the Mississippi delta, Red River valley, 
Ouachita valley and Macon Ridge of Louisiana was 
affected. The affected area is shown in figure 1. 

SummMary.—Results of studies conducted during 1955 
and 1956 demonstrated that boll weevil, Anthonomus 
grandis Boh., populations resistant to the chlorinated 
hydrocarbon insecticides exist in Louisiana. Field experi- 


e boll weevil infestations in un- 
plots and differences, Tallulah, 


Table 6.—Season aver 
treated check plot, treate 
La., 1950-55. 


INSECTICIDE 


BHC-DDT-Sulfur 
3-5-40 


TREATMENT 1950 1951 1952 1953 1954 1955 


Check 55.7 
Treated 22.1 
Difference 33.6 


Check 55.6 
Treated 24.0 
Difference 31.6 


0 
8 
2 
5 
1 
4 
Check 59.8 
$ 
4 
8 
6 


Toxaphene 


Dieldrin 


oor 
Seo CUS 


Treated 28.4 
Difference 31.4 


Check 
Treated 
Difference 


Heptachlor 


oo 


Check 
Treated 
Difference 


Check 
Treated 
Difference 


Aldrin 


20 


Endrin 


Average difference for 
all insecticides 


Vo. 4 467 
77 2.0 2 0.49 O 2.544 38 § 
82 4.56 4 7.08 4 1.55 2 : 
51 81 1.14 1 4.60 5 2.00 1 . 
Bg 103 53 81 99 54 78 99 53 80 0.50 0 2 4.83 5 
es 108 66 84 99 69 82 102 63 84 2.45 2 7 0.57 0 
106 60 83 100 62 81 105 53 84 1.41 2 3 0.60 1 
Total 4.36 4 12 6.00 6 d 
n 
97 56 78 96 62 79 4 5.20 6 ‘ 
96 69 81 98 66 83 8 $.48 $3 : 
97 67 82 100 61 82 6 6.18 §& 
18 13.71 14 , 
| 
d 
46.7 32.0 49.5 
18.8 13.9 26.0 
27.9 18.1 23.5 
39.5 29.7 35.2 
10.7 13.9 20.6 7 
28.8 15.8 14.5 
41.6 25.5 50.9 
8.0 11.5 32.8 
33.6 18.1 
8.6 28.7 
32.9 21.6 
59.7 54.1 45.2 35.6 
P| 29.6 16.3 12.2 [1 23.8 
30.1 37.8 33.0 M3 11.8 
— 46.7 64.0 
24.83 55.5 
0 22.4 8.5 j 
Po 31.7 38.1 31.2 16.7 18.7 4.5 
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Fic. 1.—Shaded areas represent cotton production area of Louisiana infested with chlorinated hydrocarbon resistant boll weevils, 


ments showed that resistance began to appear in 1953. It 
was determined that resistance is in the order of 100-fold 
and has persisted in the 1956 population. The fact that 
resistance persisted in 1956 would indicate that it is 
genetically controlled. A 2-fold vigor tolerance is demon- 
strated for Guthion. Some vigor tolerance is noted for 
calcium arsenate and Phosdrin in cage tests. 

Two-thirds of the cotton-producing area of Louisiana 
is infested with resistant boll weevils. The resistant 
population was effectively controlled in field experiments 
with Guthion, EPN, methy! parathion and calcium arse- 
nate. 
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Toxicity and Repellency of Paradichlorobenzene to Larvae of 
the Black Carpet Beetle! 


Joun W. Arnotp,? Crop Insect Unit, Entomology Division, Ottawa, Canada 


Paradichlorobenzene is still commonly used in homes 
to protect clothing and to eradicate insect garment pests 
despite the innovation of effective moth-proofing com- 
pounds and residual insecticides. Methods for using it and 
indications of its repellency and toxicity under practical 
conditions have been reported frequently. 

The principal repellency studies with paradichloro- 
benzene are those of Bottimer (1929), Billings (1934), and 
Abbot & Billings (1935). Their results indicated that the 
vapor concentrations that might develop with normal 
use in household closets did not repel larval or adult 
clothes moths. Toxicity of the compound has been indi- 
cated for a variety of practical situations and Arnold 
(1953) provided dosage-mortality data for larvae of the 
webbing clothes moth, Tineola bisselliella (Hum.), and of 
the black carpet beetle, Attagenus piceus (Oliv.), for 24- 
hour exposures in fumigation flasks. 

In conjunction with tests of the effectiveness of para- 
dichlorobenzene in clothes closets and in plastic garment 
bags (Arnold 1953, 1956) experiments were conducted to 
obtain further toxicity and repellency data to assist in 
appraising the usefulness of the compound in these and 
other situations. The experiments were conducted to de- 
termine whether the insects are repelled by or stop feed- 
ing in certain vapor concentrations and how long they 
can survive. 

MarertaAts AND Metuops.—The only test insects 
used were larvae of the black carpet beetle; these were 
about 7 mm. long, weighed approximately 10 mg., and 
had been reared at room conditions in a medium consist- 
ing of successive layers of army cloth and ground dog bis- 
cuits. 

Repellency was studied with a simple olfactometer 
(fg. 1). Air from a constant-pressure pumping system 
passed through a flow meter into a Y-tube that directed 
the flow through two glass cylinders to plastic funnels 
fixed vertically in a wooden platform. Plastic screening 
formed a floor 1 inch below the lip of the funnels and 
extended across a passageway, 1 inch in diameter, that 
connected them. Larvae placed on the screen could move 
freely from one funnel to the other. One of the glass cyl- 
inders contained a weighed amount of paradichloro- 
benzene crystals (Eastman Organic Chemicals, Rochester 
3, N. Y.) spread evenly over the floor. The other, the 
control, contained an equal volume of washed quartz 
sand. During operation the apparatus was kept in com- 
plete darkness to avoid phototropic effects. Twenty 
larvae were placed on the screen in the control funnel and 
the air flow was started immediately and continued for 
30 minutes, when the number of larvae in each funnel 
was noted. Presumably larvae would remain in the con- 
trol funnel if the vapor passing through the test funnel 
was repellent. Otherwise, as preliminary tests showed, 
they would be more or less equally distributed in the two 
funnels. The vapor concentration that passed through 
the test funnel was estimated as the weight-loss of crystals 
per half of the volume of air flow through the flow-meter 


during the exposure period. The concentration was varied 
by changing the rate of air flow. Six tests were carried 
out for each of the concentrations studied and a different 
group of larvae was used for each test. 

The effect of the vapor on feeding was determined by 
measuring the weight of wool consumed by larvae in 
fixed vapor concentrations. Three-inch squares of clean 
woolen felt were dried to constant weight in a vacuum 
oven at 50° C. and 25 in. Hg. One square was placed in 
each of a series of 20 one-liter Erlenmeyer flasks at room 
conditions for 24 hours. Twenty-five larvae, starved for 
24 hours, were then placed on the cloth in each flask. 
Cork stoppers were inserted and the flasks retained at 
room conditions for 24 hours. The larvae were then re- 
moved to separate containers of the culture medium and 
the cloths were blown free of frass and again dried to con- 
stant weight to determine the weight loss due to feeding. 
This procedure was repeated three times to obtain the 
average wool consumption by each group of larvae. The 
flasks were then separated into four groups of five, the 
larvae were introduced on the cloth squares, and appro- 
priate amounts of paradichlorobenzene were inserted to 
provide vapor concentrations of 1, 2, 3, and 4 mg. per 
liter in the respective groups. Cork stoppers were inserted 
and heat was applied to the flasks at the position of the 
crystals. The crystals vaporized rapidly and the temper- 
ature in the flasks did not change appreciably. The amount 
of wool consumed in 24 hours under these conditions was 
determined as above. The entire experiment was dupli- 
cated with other groups of larvae and the results aver- 
aged. The same procedure was followed with exposures of 
48 and 72 hours but with only one determination of nor- 
mal wool consumption in each case. Control cloths han- 
dled in the same way lost no appreciable weight. 

The period of insect survival in different vapor con- 
centrations was determined in the following way. Thirty 
larvae were placed in each of a series of 1- X3-inch screen 
cylinders containing a strip of army cloth dusted with 
ground dog biscuits. The cylinders were suspended in 
Strand fumigation flasks in which vapor concentrations 
of 1, 2, 3, 4, and 5 mg. per liter were developed as above. 
One flask at each concentration was opened daily and lar- 
vae were transferred to the culture medium for 4 days 
before the estimation of mortality. The tests were dupli- 
cated and the results averaged. 

Discussion.—Results of the repellency 
tests were as follows: 


Vapor concentration (mg./I.) 2.3 2.8 3.0 $.2 
Repellency (per cent of larvae 
in control funnel) 48 87 94 100 


These data show that an increasing number of larvae 
remained in the control funnel as the vapor concentration 
increased in the test funnel. Repellency was significant at 


1 Contribution No. 3513, Entomology Division, Science Service, Department 
of Agriculture, Ottawa, Canada. Accepted for publication February 8, 1957. 
2 Associate Entomologist. 
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Y-tube 


Control Funnel 


Test Funnel 


Flow-meter 


t 


Paradichlorobenzene crystals 


Fig. 1.—Olfactometer used to determine repellency of paradichlorobenzene. 


a vapor concentration of 2.8 mg. per liter and was abso- 
lute at 3.2. 

The olfactometer used here was a comparatively crude 
instrument and a number of its features might be criti- 
cized. However, the degree of variation in replicate tests 
was acceptable and the results are considered satisfac- 
tory, at least for practical use. 

As a matter of interest, three other “moth repellents” 
were tested in the same way. Complete repellency of 
larvae occurred at a concentration of 0.25 mg. per liter 
of naphthalene and 0.64 of camphor. The highest con- 
centration of cedar oil vapors obtainable with this ap- 
paratus, 0.37 mg. per liter, repelled 92% of the larvae. 
These three compounds are therefore more repellent than 
paradichlorobenzene if concentrations alone are com- 
pared. However, their vapor pressures are considerably 
lower than that of paradichlorobenzene and _ repellent 
concentrations of their vapors less readily obtained. 

Table 1 shows that there was an apparent decrease in 
feeding with increase in vapor concentration and it was 
significant at 3 mg. per liter during 24 and 48 hours and 
at 2 mg. per liter during 72 hours. These data support 
the results of the repellency tests to some extent since 
the concentration that caused a significant and immediate 
decrease in feeding, 3 mg. per liter, also repelled the lar- 
vae. At this and higher concentrations larvae were ob- 


viously irritated; only a few appeared to feed, for a short 
time, before becoming inactive. At 2 mg. per liter some 
larvae apparently stopped feeding and all were somewhat 
less active than normal after 24 hours. At 1 mg. per liter 
they appeared entirely normal for about 48 hours but 
thereafter became less active. Presumably feeding would 
decrease with time in low vapor concentrations. 

Table 2 indicates further that 3 mg. per liter is a critical 
concentration below which larvae can survive for appre- 
ciable periods. 

SumMaRY AND experiments 
demonstrate the requirements for effective use of para- 


Table 1.—Average weights (mg.+S.D.*) of wool con- 
sumed by 25 larvae when exposed for different times to 
various concentrations of paradichlorobenzene vapors. 


CONCENTRA- Perrop or Exposure (Hours) 
TION 


(Ma./t.) 
0 .60+2. 13.30+2.% 
1 


7.60+1.77 
5.12+2.68 
3.80+1.78° 


2 + 4.44+1.66 
3 1.34+1.34> 
4 0.30 £0.15» 


® Standard deviation. 
> Significantly different at the 5% level. 
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Table 2.—Mortality of black carpet beetle larvae exposed 
for different times to various concentrations of paradichloro- 
benzene vapors. 


Per Cent Mortauity Arter (Days) 


CoNCENTRATION 
(Ma./L.) 


dichlorobenzene for garment protection. Relatively high 
concentrations of the vapor, about 3 mg. per liter, are 
required to repel larvae of the black carpet beetle, Atta- 
genus piceus (Oliv.), and must be maintained for about 2 
weeks before their eradication. Higher concentrations kill 
the larvae in shorter periods. This minimum effective 
concentration is approximately one-half of vapor satura- 
tion (Roark & Nelson 1929) and is somewhat irritating to 
humans. It is unlikely that it would develop in a closet in 
daily use. Evidently paradichlorobenzene is best suited 
for use in storage situations, as in trunks and imperme- 
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able bags, where a vapor concentration that approaches 
saturation can develop quickly and be maintained. 
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On the Biology of Lema praeusta Fab."” 


Goku. CHanpra Sencupta, State Entomologist, Department of Agriculture, Orissa, Bhubaneswar, India and BASANTA 
Kumar Beuura, Department of Zoology, Ravenshaw College, Cuttack, India 


Eighty-one species of Lema are known to occur in 
India (Jacoby 1908, Lefroy 1909). Although these beetles 
are common on grass and on plants in the plains (Lefroy 
1909), they have been strangely neglected by Indian 
Coleopterists and Lefroy’s statement as early as 1909 that 
the life history of none was definitely known holds true to 
date. Recently, the authors (Sengupta & Behura 1956) 
published a short account of the life history of Lema 
semiregularis Jac. occurring on turmeric (Curcuma longa). 
The present account embodies the results of a further 
study on another species of Lema, i.e., Lema praeusta 
Fab. infesting turmeric also. 

L. praeusta was first noticed as a minor pest on turmeric 
plants in 1949 in the district of Phulbani, Orissa along 
with L. signatipennis Jac. (Sengupta & Behura 1953) and 
L. semiregularis. In the succeeding years, all three species 
appeared as major pests and did considerable damage to 
the crop during July to October. Adult specimens were 
collected at the Turmeric Research Station, G. Udaygiri 
and reared at Cuttack in the Entomology Laboratory of 
the Department of Agriculture, Orissa at ordinary room 
temperature in glass jars covered with muslin during July 
to September in 1950 and 1951. They were fed with fresh 
turmeric leaves every day. Besides, field observations 
were also made by the staff of the Entomology Section of 
the Agriculture Department stationed at G. Udaygiri 
and Phulbani. 

So far the pest is know to be confined to the district of 
of Phulbani. It is also interesting to note that the differ- 
ent stages in the life-history of the three species of Lema 
infesting turmeric in Orissa viz praeusta, signatipennis 
and semiregularis, were extraordinarily similar. 


Lire History.—The adults paired 4 to 5 days after 
emergence. The females started egg laying 8 to 10 days 
after pairing. 

Egg.—The eggs are laid singly on the leaves, being 
thrust into the tissues. The egg is flat and ovoid in shape 
and is light brown in color which later changed to deep 
black. It measured about 0.89 mm. in length and 0.74 mm. 
in breadth. No female was observed to lay more than 68 
eggs, counts of 21, 28, 47, 53 and 68 being typical egg totals 
per female. Incubation lasted from 8 to 10 days. 

Larva.—The larva on emergence measured about 1.4 
mm. in length and 0.8 mm. in breadth. It is flattened 
dorso-ventrally, and pale yellowish in color with a pale 
brown head. Soon after hatching the grubs started feeding 
on the tissues of the leaves. The larva becomes full grown 
in about 10 to 12 days after emergence. The full grown 
larva is about 6 mm. long and 2 mm. broad. The apex of 
the anal segment is turned upwards and the excrement is 
released little by little so that it falls on the body and 
forms a protective covering for the larva. The color of the 
excrement when voided, is greenish yellow which sub- 
sequently hardens and turns white. The larva feeds 
voraciously. 

Pupa.—The full grown larva in captivity pupates be- 
tween the leaves under the characteristic covering of the 
excreta (fig. 1). This condition though occasionally found 
in the field is not common. In nature, the larva usually 
descends to the ground and pupates under soil in an 
earthen envelope. The color of the pupa is orange yellow. 


1 Coleoptera Chrysomeloidea, Crioceridae. 
2 Accepted for publication February 27, 1957. 
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List of recorded food plants of economic importance of different species of Lema. 
Srace or Insect Founp 
SPECIES Foop PLant Loca.ity on THE Host PLanr 
bilineata Germ. Salpichrora rhomboidea Argentina All stages 
Datura stramonium, Physalis, Tobacco, S$. Africa 
Nicandra 
Physalis curossavica 
bohemanni Clark Commelina nudiflora (M) 
castanea Jac. Commelina nudiflora (M) 
commelinae Gressitt Commelina nudiflora (M) 
coromandeliana F, Commelina nudiflora (M) 
cyanella (L.) Maize US.S.R. 
Oats Netherlands Larvae 
Grasses and cereals Germany Adults and eggs 
Barley, oats, wheat and rye Germany Larvae and pupae 
Oats France 
Dactylis glomerata France Adults 
Wheat Czechoslovakia 
Barley, wheat, orchard grass and Circum (M) 
arvense 
cyanella sapporensis Mats. Wheat Japan Adults and larvae 
Orchard grass, oats and barley Japan Adults and larvae (in captivity) 
decem punctata Gebl. Lycium chinense Japan 
decempunctata japonica Wse. ‘Tea, Lycium chinense Japan 
dorsalis (Oliv.) Commelina virginica, Sida hastata (M) 
downesi Baly. Panicum sp. India Eggs, larvae and adult 
erichsoni Suffr. Cereals France 
Orchard grass, Nasturtium (M) 
formosana Kuw. Sugarcane Formosa 
fulvicornis Jac. Turmeric Ceylon 
graminis Jac. Grass (M) 
honorata Baly. Dioscorea japonica Japan 
lichenis Voet. Willow British Isles 
(=cyanella Payk.) 
melanopa (L.)» Cereals U..S.SR. Larvae and adult 


nigripes Weise 
nigrovittata Guér. 
oryzae Kuw 


pectoralis Baly 
praeusta Fab. 


rufotestacea Clark 
semiregularis Jac. 


signatipennis Jac. 


Wheat, barley and oats 
Oats, barley and summer sown wheat 


Grains, melons, sunflower, vegetables, 
oats, maize, wheat, grain crops, rye, 
beet, hemp, in stubbles of previous 
year’s maize and cereals 

Oats, barley and Triticum durum 

Barley and oats 

Oats, barley and maize 

Oats 

Oats and barley 

Oats and barley 

Oats 

Lolium 

Cereals 


Wheat 

All cereals and other grasses 

Barley, oats, Dactylus glomerata, Timothy 
Agropyron repens, Phalaris canariensis, 
cereals and wheat 

Melon, timothy, rye grass, orchard grass 

Rice 

Rice 

Crotolaria, Cucurbita moschata 

Datura, egg plant 

Rice 

Rice 

Zizana latifolia 

Glyceria tonglensis, a grass 

Cereals, Dioscrea japonica 

Venda joaquim (Orchid) 

Turmeric, cucurbits, brinjal, Sorghum 


Commelina nudiflora 
Turmeric 


Turmeric, cucurbits, brinjal, Sorghum 


U.S.S.R. 
Rubezan (U.S.S.R.) 


U.S.S.R. and Tur- 
kestan 


Lower Volga 
Hungary 
Rumania 
Denmark 
Czechoslovakia 
Bulgaria 
France 

France 

Italy 


Spain 
Spain 
Great Britain 


Japan 
Formosa 


Hawaii 

Manchuria 

Japan 

Japan 

Japan 

Japan 

Malaya 

Phulbani (Orissa, 
India) 


Phulbani (Orissa, 
India) 
Phulbani (Orissa, 


India) 


Larva 
Larvae and adult oviposition on 
maize 


Adults and larvae on maize 


Larvae and adult 

Larvae 

Adults 

Larvae (adults feed on wild 


grasses) 


Adults and larvae 
Eggs, larvae and adult 


(M) 
Larvae and adults 


(M) 
Larvae and adults 


Larvae and adults 
Adults 
Larvae and adults 


All stages on turmeric and adults 
on other plants 


(M) 
All stages 


All stages 
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List of recorded food plants of economic importance of different species of Lema.—(Continued) 


— 


Stace or Insect Founp 
SPECIES Foop PLANT LocaLity ON THE Host PLANT 
Rice (M) 
trilineata. (Oliv.) Potatoes, Physalis, Datura stramonium, U.S.A. 


Solanum, Physalis, henbane, belladona 
and other medicinal plants 


Physalis lanceolata, P. grandiflora, P, Canada Larva normally develops on 
edulis, Hyoscyamus niger and pota- ground cherry 
toes 

Datura stramonium S. Africa Larvae 

Physalis peruviana S. Africa Larvae and adults 

Tomato, Datura stramonium, Hyoscya- (M) 


mus, Atropa belladonna, Physalis 
trilineata californica Schaeffer Potato, tobacco, and wild food plants, in- Hawaii 
cluding Nicandra physaloides 


tristis Herbst. (flavipes Suffr.) Panicum italicum France 
Rice Korea Larva and adults 
Wheat, rice, Setaria italica, rye, barley Manchuria Adults and larvae feed prefer- 
and maize to slight extent wr on the leaves of Italian 
millet 
Wheat, rye, rice, barley and maize (M) 
Lema sp. Barley Poland 
Barley Norway 
Dioscorea bulbifera Singapore 
Cucurbitaceous plants Ceylon 
Rape US.S.R. 


§(M) indicates that the information is from Dr. S. Maulik’s unpublished manuscript as kindly supplied by Mr. E. B. Britton. 
> Hodson (1929) reports that L. melanopa is a serious pest also in Bulgaria, Morocco, Sweden and Switzerland. 


It measures about 4.8 mm. in length and 2.6 mm. in color of the elytra is dark brown with the apical third 
breadth. Pupation lasted from 15 to 25 days. blue. 

Adult—The adult beetle measures about 5 mm. in The beetles are active during the day. When disturbed 
length. The male is slightly smaller than the female. The — they fly for a short distance. They feed on the surface of 
the leaves. The adults are fairly long lived. Four adults 
lived for 43, 48, 50 and 60 days. The total life-cycle from 
egg to adult ranged from 40 to 50 days. 

Foop PLANTs AND THE NATURE AND EXTENT OF 
Damace.—The grubs and adults of L. praeusta fed on the 
tissues of the leaves. Damaged leaves dry up and wither. 
Counts of the attacked turmeric leaves taken during the 
month of October, 1950 in different fields at the Turmeric 
Research Station, G. Udaygiri and the Government 
Agricultural Farm at Phulbeni showed that the percent- 
age of infestation was: Udaygiri 10.1 to 12.2; Phulbani 
9.2 to 13.5. 

During the investigations, LZ. praeusta was also ob- 
served to feed on the leaves of cucurbits, brinjal (Solanum 
melongena) and sorghum (Andropogon sorghum) in the 
field at G. Udaygiri. 

A list of recorded host plants of economic importance 
of different species of Lema is also given since such does 
not exist elsewhere. The information is mainly collected 
from the Reviews or Appitiep Entomowocy Ser. A for 
1914-1956, BroLocicaL ABstrRacts, Vol. 1-30, 1926-1956 
and the list of host plants of Lema kindly supplied by 
E. B. Britton of the Department of Entomology, British 
Museum (Natural History), London from the unpub- 
lished manuscript of the late renowned coleopterist, Dr. S. 
Maulik. 

Grateful thanks are due to Mr. Britton also for many 
valuable suggestions, and to the Division of Entomology, 
Fic. 1.—Pupa of Lema praeusta Fab. between leaves Indian Agricultural Research Institute, for the determina- 

under the characteristic covering of the excreta. tion of the insect species. 
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Field Evaluations of Dow ET-57 as a Systemic Insecticide for the 
Control of the Common Cattle Grub in Alabama! 
Tueovore R, Apxins, Jr.,? Agricultural Experiment Station, Alabama Polytechnic Institute, Auburn 


Dow ET-57 is a promising insecticide for systemic 
control of cattle grubs. Lindquist (1956) reported that 
this chemical, when given orally to cattle at the rate of 
100 mg./kg. of body weight, killed the larvae of the com- 
mon cattle grub, Hypoderma lineatum (De Vill.), and the 
northern cattle grub, H. bovis L. Crenshaw (1956) sum- 
marized the results of various experiments with Dow 
ET-57 for systemic control of cattle grubs. There were no 
toxic manifestations, and evidence indicated that there 
were no deleterious effects on animals when the material 
was administered at therapeutic levels. The compound 
appeared to be safe for young animals and adults. Doses 
up to 500 mg. of the compound per kg. of body weight 
were administered to cattle without mortality. 

Field experiments for the evaluation of Dow ET-57 for 
the systemic control of cattle grubs were conducted at 
four locations in Alabama during 1956. 

ProcepurE.—Dow ET-57 was administered at the 
rate of 110 mg./kg. (approximately 5 gm./ewt.) to cattle 
as a bolus (Dow formulation M 959 JT-1037) and drench 
(Dow formulation M 941 JT 1025-2). Each bolus con- 
tained 10 gm. of active material and was used to treat 
200 pounds of live weight of animal. The drench con- 
tained 507 of active material, and 10 ml. was used to 
treat 100 pounds of live weight of animal. The boluses 
were administered with a multiple balling gun’ that had a 
capacity of seven boluses. The drench was administered 
with a 120 ml. (4 oz.) dosing syringe. 

Cattle in each herd were treated as they came through 
a chute. The cattle were treated late in the grub season 
because a sufficient amount of the chemical was not avail- 
able for earlier tests. Grubs were counted at approxi- 
mately monthly intervals, and their positions were 
marked on an outline chart for each animal so that cumu- 
lative counts could be made. All cattle were treated under 
practical farm conditions utilizing a corral chute with 
squeeze chute or neck squeeze for restraining the animals. 
These tests involved 115 treated and 147 untreated ani- 
mals. During the third cumulative counts of grub popu- 
lations, only 112 treated and 144 untreated animals were 
examined. 

Tests.—Prattville—An experiment was conducted at 
Prattville in Autauga County on the McQueen Smith 
farms. One hundred yearling heifers (Hereford-Angus- 
Brahma crosses) that ranged in weight from 600 to 800 


pounds were used in this experiment. The weights were 
estimated by the use of a heart-girth tape. Thirty-five 
heifers were treated on October 25, 1956, with boluses 
and the remainder of the herd ~emained untreated. At 
the time of treatment, the herd was grazing on a pasture 
consisting of white clover and Dallis grass. Each animal 
was numbered with cattle marking dye which was later 
replaced by a brand. The 35 animals were handled, taped, 
and treated by five men in 2 hours (17.1 man-minutes per 
heifer). 

Camden.—This experiment was conducted in Wilcox 
County at the Lower Coastal Plains Substation of the 
Agricultural Experiment Station, Alabama Polytechnic 
Institute. Sixty-one Hereford brood cows in various 
stages of pregnancy or with suckling calves were used in 
this test. The weights, which were estimated by the sub- 
station superintendent, ranged from 800 to 1,200 pounds. 
Nineteen of the animals were treated with boluses and 11 
were treated with drench. The remainder of the herd was 
not treated. Each animal was identified by either brand, 
neck chain tag, or ear tag. At the time of treatment, the 
herd was grazing on a pasture consisting of Dallis grass, 
Coastal Bermuda, and white clover. The 30 catt!< were 
handled and treated by seven men in 45 minutes (10.5 
man-minutes per cow). 

Marion Junction.—This exper:ment was conducted on 
the Walnutta farm in Dallas County. Sixty brood cows 
of mixed breeds (Jersey, Angus, and Hereford) that 
ranged in weight from 550 to 900 pounds were used in 
this test. The cows were pregnant or had suckling calves. 
The weights were estimated by the owner of the herd. 
Fifteen of the cows were treated with boluses and 15 with 
drench. The remainder of the herd was not treated. Each 
animal was numbered with an ear tag. The herd was 
grazing on a Dallis: grass pasture at the time of treat- 
ment. The thirty cows were handled and treated by six 
men in 45 minutes (9.0 man minutes per cow). 

Camp Hill.—This experiment was conducted in Talla- 
poosa County at the Piedmont Substation of the Agri- 


Parp Paper. 
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Apkins: Dow ET-57 ror Controt or ComMon GRUB 


Table 1.—Total number of grubs in the backs of cattle in experiments with Dow ET-57. 


UNTREATED 


Per Cent 
ConTROL 


'TREATED® 


No. of Grubs 


No. of Grubs BASED ON 


NUMBER 


No. of 


No. Animals 


Herp Examined Live Dead 


Animals 


Per Cow | Examined Live Dead Per Cow | or Gruss 


Prattville 

Camden 

Camden (Drench) 

Marion Junction 

Marion Junction (Drench) 
Camp Hill 

All areas (Bolus) 

Two areas (Drench) 


65 
31 


654 

87 
28 117 
20 


144 
59 


126 
984 
204 


1.97 
0.11 
0.60 
0.13 
0.40 
0.39 
0.92 
0.48 


35 
19 
10 
15 
15 
18 
87 
25 


69 


® Cattle treated with boluses unless otherwise indicated. 


cultural Experiment Station, Alabama Polytechnic Insti- 
tute. Forty-one brood cows of mixed breeds (Jersey, 
Guernsey, Hereford, and Angus) ranging in weight from 
900 to 1,300 pounds were used in this experiment. The 
cattle had been weighed 12 days previous to treatment 
and those weights were used in computing the dose for 
each cow. Twenty of the cows were treated with boluses 
and the remainder of the herd was not treated. Each 
animal was identifiable by name and number. At the time 
of treatment, the herd was grazing on a Coastal Bermuda 
grass pasture. The 20 animals were handled and treated 
by three men in 1 hour and 35 minutes (14.3 man-minutes 
per cow). 

Resutts.—In the untreated cattle, the average num- 
ber of grubs per animal ranged from 2.81 at Camden to 
10.06 at Prattville and averaged 6.83 per animal in the 
four areas (table 1). A total of 984 grubs was found in 112 
of the untreated animals. The percentages of uninfested 
cattle ranged from 11 at Prattville to 48 at Camden and 
averaged 22 in the four areas (table 2). 

The number of grubs in the backs of the cattle that were 
treated with boluses ranged from 0.11 per cow at Camden 
to 1.97 per heifer at Prattville and averaged 0.92 per 
animal in the four areas (table 1). Eighty grubs were 
found in 20 of these cattle. The average number of grubs 
in the backs of the cattle treated with boluses was 87% 
less than in the untreated cattle. 


The number of grubs in the backs of the cattle that 
were treated with drench was 0.40 per cow at Marion 
Junction and 0.60 per cow at Camden and averaged 0.48 
per cow in the two areas (table 1). Twelve grubs were 
found in six of these cattle. The average number of grubs 
in the backs of the cattle treated with drench was 86% 
less than in the untreated cattle in the same areas. 

The percentages of grub-free cattle ranged from 57 to 
95 among the groups treated with boluses and from 11 to 
48 among the untreated animals in the same herds. Dif- 
ferences in favor of treatment ranged from 46% at 
Camden and Prattville to 72% at Marion Junction. Cat- 
tle grub control based on number of grub-infested animals 
varied from 52 to 91% where Dow ET-57 was adminis- 
tered as boluses. 

Where cattle were treated by drenching, 76% were 
grub free as compared with 36% grub-free animals among 
the untreated cattle (table 2). The difference in favor of 
treatment was 40%. Control based on number of grub- 
infested cattle averaged 63% in the two areas where 
drench was used. 

None of the treated cattle or their respective calves at 
Prattville, Camden, or Marion Junction exhibited visible 
toxic symptoms after treatment with the material. One 
treated cow at Camp Hill died 2 or 3 days after treat- 
ment. This cow was old and apparently died of bloat. 

In these tests, boluses were more convenient for ad- 


Table 2.—Number and percentages of cattle free of grubs in experiments with Dow ET-57. 


| 


| | 


UNTREATED 


TREATED* Per CENT 


Cattle Free 
| No. of of Grubs 


| Animals 


| 
| 
| 
| 
| 


Herp No. Per Cent 


| Control 
Cattle Free Based on No. 
of Grubs of Grub- 
Infested 
Cattle® 


Difference in 
Favor of 
Treatment” 


No. of 
Animals 
Examined 


No. Per Cent 


Prattville 

Camden 

Camden (Drench) 

Marion Junction 28 

Marion Junction (Drench) 

Camp Hill | 20 | 

All areas (Bolus) =. a2 
| | 


15 


65 
31 


Examined 
| 


| 
| 


6 


32 
21 


46. 
46. 
31. 
71.§ 
51. 
63. 
54. 
40. 


51.9 
89.7 
61.2 
91.4 
66.0 
79.1 
70.4 
62.7 


20 
18 

8 
14 
11 
15 
67 
19 


Two areas (Drench) 59 
* Cattle treated with boluses unless otherwise indicated. 


b Percentage of all animals which without treatment would have had grv+-. but with treatment were grub free. 


Caleul; 
alculated by Abbott's formula. acd 


% infested in uptr —% infested in cated 


ptera, 
0 10.06 = 80.4 
1 2.81 2 96.1 
6 78.6 
2 4.18 96.9 
6 90.4 
0 6.30 7 93.8 * 
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ministration of the material to the animals. Drenching 
of cattle required more time than the administration of 
the boluses. The use of boluses reduced the possibility of 
accidental injection of drench into the lungs. Of the vari- 
ous methods of marking the animals, ear tags were the 
most satisfactory. 

Summary.—Field experiments with Dow ET-57 for 
systemic control of the common cattle grub, Hypoderma 
lineatum (DeVill.), were conducted at four locations in 
Alabama in 1956. These tests involved 115 treated and 
147 untreated animals. Some of the cattle were treated 
with boluses and some were treated with drench. 

The following are percentages of control of grubs in 
cows that were treated with boluses: Prattville, 80; Cam- 
den, 96; Marion Junction, 97; and Camp Hill, 94. Aver- 
age control in these cattle was 87%. Seventy-seven per 
cent of the animals treated with boluses and 22% of the 
untreated animals were free of grubs at the completion of 
the tests. Cattle grub control based on number of grub- 
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infested animals was 70% where Dow ET-57 was admin. 
istered as boluses. 

In the cattle that were treated with drench, the per. 
centages of control of grubs at Camden was 79 and at 
Marion Junction, 90. The average control in these cattle 
was 86%. Seventy-six per cent of the animals that were 
drenched and 36% of the untreated animals at these two 
locations were free of grubs at the completion of the tests, 
Control based on number of grub-infested cattle averaged 
63% in the two areas where drench was used. 

There was no apparent difference in the effectiveness 
of the bolus and drench treatments; however, the boluses 
were easier and safer to administer. 
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Drosophila Control on Harvested Tomatoes for Processing 


in California 1956' 


Victor Stomsier,? C, D. PeELeKassis,’ and Epwin S. Dore‘ 


Experiments by Michelbacher & Middlekauff (1954) 
have shown that serious contamination of tomatoes oc- 
curs after the fruit is picked. These workers reported that 
under certain conditions adult flies migrate into the boxes 
of picked fruit in large numbers, and that heavy egg dep- 
osition occurs on fruit when the surface skin has been 
broken. 

Direct control of Drosophila in tomato fields with in- 
secticides has not proved very promising. This phase has 
been investigated by Bickley & Ditman (1953), Pepper 
et al. (1953), Michelbacher & Middlekauff (1954), and 
Mason (1956). 

Control of the fly after the fruit has been picked has 
also been studied. These investigations have employed 
such insecticides as pyrethrum and DDT applied as 
dusts, aerosols, or smokes. Bickley & Ditman (1953) re- 
ported that frequent applications of pyrethrum as an 
aerosol or mist applied with an electric atomizing sprayer 
reduced the adult population of Drosophila. Pepper et al. 
(1953) reported that pyrethrum concentrates, when ap- 
plied with a fog-generator, were effective in controlling 
the adults. Bickley et al. (1956) investigated a pyrethrum 
spray and found it effective in protecting baskets of 
tomatoes from egg deposition. They reported that sprays 
applied as the tomatoes were being loaded on the truck in 
the field were more beneficial in limiting egg deposition 
than treatments applied at the factory. Doyle et al. (un- 
published data), working in northern California, obtained 
promising results in some preliminary experiments in 
which a pyrethrum dust containing 0.11% pyrethrins 
was applied to stacked boxes of tomatoes. As a result of 
the investigations of the above-mentioned workers, a 
comprehensive series of experiments was conducted in 
1956 to determine the full effectiveness of pyrethrum in 
protecting picked tomatoes fromlinfestations by Drosoph- 


ila. Some of the treatments were applied to the toma- 
toes in the field, others at the receiving station, and still 
others after the fruit was received at the cannery. The 
results obtained from these studies along with certain 
ecological observations form the basis of this paper. 
EXPERIMENTAL Mertuops.—The slit-tomato tech- 
nique, as developed by Michelbacher & Middlekauff 
(1954), was used to determine population densities and 
the effectiveness of the treatments. Unless otherwise 
stated full ripe, sound tomatoes were used. The principal 
species of fly present was Drosophila melanogaster Meig. 
Most of the experiments were conducted where boxes 
were stacked on pallets, each pallet containing 42 boxes. 
In order to make possible the rapid recovery of bait to- 
matoes certain boxes on the pallets were designated as 
check boxes. The same order was always used in which 
the checks were well distributed throughout the stack. 
Three bait tomatoes were placed in each check box. These 
were located in the middle layer of tomatoes and along 
one side of the box to simplify their recovery. A tomato 
was placed in each corner and the third in the middle. 
These locations were selected because they appeared to 
represent average conditions. This was indicated by an 
experiment, replicated five times in which tomatoes 
were placed in the top, middle, and bottom layers. The 
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Table 1.—Rate of egg deposition by Drosophila in bait 
tomatoes at two different 2-hour periods of the day.* 


EXPOSURE TEMPERA- AVERAGE 
?ERIOD TURE Eaes 
(STANDARD RANGE Toran PER 
TIME) (°C.) Ecos Tomato? 
1] a.M.—l P.M. 30-32 3,610 328 
5:15-7:15 P.M. 28-21 32,064 2,915 


8 Sun bright, moderate to no wind. 
b Average based on 11 stations. 


average number of eggs per tomato were: top, 31; middle, 
243, bottom, 489. Very few eggs were laid in the bait to- 
matoes in the top layer. The greatest numbers were laid 
in the bottom layer. The number laid in the bait tomatoes 
in the middle layer was about midway between that in the 
top and bottom layers. The number of check boxes used 
depended upon the size of the experiment and ranged 
from 5 to 140, and involved from 15 to 420 bait tomatoes. 

TREATMENT ApPLieD IN Fretp.—The field selected for 
this experiment was known to be heavily infested with the 
pest. In order to obtain some measure of the population 
present, bait tomatoes were exposed in the field for egg 
deposition for two 2-hour periods on September 25, the 
date the fruit was picked. Eleven stations were utilized 
and the information obtained is given in table 1. The 
number of eggs deposited clearly shows that a very large 
fly population was present. During the evening an aver- 
age of nearly 3,000 eggs per tomato was deposited. The 
weather conditions were favorable for normal adult activ- 


Table 2.—Protection afforded picked tomatoes from e 
deposition by Drosophila at varying intervals between fiel 
and cannery when treated with a pyrethrum dust* applied 
at 5 p.m. the day they were picked. 


Averace Lain Per Cent 


PER Tomato Repvuc- 
ELAPSED TION 
TIME Treat- Con- UnpER 
ConpitTIoNs (Hours) ment trol ContTROL 
Field overnight 15 0.40 308 99.8 
Field overnight, plus transporta- 
tion to receiving station 16 0.45 321 99.6 
Field overnight, plus transporta- 
tion to receiving station, plus 
transportation to cannery 23 13 444 96.0 
Field overnight, plus transporta- 
tion to receiving station, then 
transported to cannery and 
held overnight 39 198 642 69.0 


* Dust contained 0.11% pyrethrins and was applied with K-D portable 
power-duster, 
Figures based on 24 bait tomatoes. 
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ity and this situation continued for the entire period of 
the experiment. 

In this experiment treatment was applied to stacks of 
boxes four to six high. In all, 67 stacks were treated and 
101 were used as checks. The fruit was picked throughout 
the day and the treatment was applied at approximately 
5 p.m. A pyrethrum dust containing 0.11% pyrethrins was 
applied with a K-D portable power-duster. The dust was 
directed to each stack from the sides through the openings 
between the cleats and over the top of the stack. This 
insured thorough coverage. Shortly before the dust was 
applied, bait tomatoes were placed in boxes to be used in 
checking the effectiveness of the treatment. 

The stacks of treated and untreated tomatoes were 
allowed to stand in the field overnight. At 9 o’clock the 
next morning the fruit was loaded on pallets and hauled 
by truck and trailer to the receiving station. The treated 
tomatoes were placed on the trailer and the untreated on 
the truck. At the time the tomatoes were loaded, 24 bait 
tomatoes were removed from each lot to determine egg 
deposition. One hour later, after the load reached the re- 
ceiving station, 24 more of the bait tomatoes were re- 
moved from each lot for the same purpose. The tomatoes 
were then transported to the cannery and 7 hours after 
the checking at the receiving station another 24 bait to- 
matoes were removed for egg counts. After standing at 
the cannery overnight, the remaining bait tomatoes were 
removed for egg counts 16 hours after the previous count, 
or a total of 39 hours after the treatment was applied. 

The results obtained are given in table 2 and show 
clearly that the treatment protected the tomatoes from 
egg deposition to a marked degree. The degree of control 
was outstanding for 23 hours, beyond which the protec- 
tion imparted by the pyrethrum dust began to decline 
rather rapidly. During the course of the experiments, 
numerous observations were made which showed that 
the protection given by the treatment was largely due 
to a repelling action rather than from killing the flies. 
Other tests were conducted which substantiated the re- 
sults given in table 3, and which further showed that the 
relative rate of increase in the number of eggs deposited 
for different intervals of time was rather constant. 

TREATMENT ApPLIED AT ReEcEIVING StatTion.—An 
experiment was designed to determine the effectiveness of 
treatments when applied to pallets of tomatoes at the re- 
ceiving station. Single pallets each containing 42 boxes of 
tomatoes were used in this study. The tomatoes were ob- 
tained from the heavily infested field as in the preceding 
experiment and were hauled to the inspection or receiving 
station the same day they were picked. A pyrethrum dust 
containing 0.11% pyrethrins applied with a K-D portable 


Table 3.—Comparative effectiveness of a DDT smoke and a pyrethrum dust in protecting tomatoes from egg deposition 


by Drosophila when treated upon arrival at receiving station. 


DDT PyRETHRUM 
ELAPSED 
TIME Number Per Cent Number Per Cent 
Houpine Conpitions (Hours) ConTROL of Eggs* Reduction of Eggs* Reduction 
Overnight at the receiving station 20 174.5 98 44 20 88 
Overnight at the receiving station, plus 
transportation to the cannery, and over- 
night there 41 744 574 22 430 42 


* 12 (o 36 tomatoes were used in determining the average number of eggs deposited per tomato. 
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Table 4.—Comparative effectiveness of two applications of a pyrethrum dust and a pyrenone mist in preventing egg deposi- 
tion by Drosophila when applied to pallets of tomatoes and the entire interior of the cannery storage shed. 


TEMPERATURE RANGE 
(°C.) 


AveraGE No. or Eacs Depostrep PER ToMATO®* 


Dust Mist 


8:30-12:00 12:00-3:30 
(A.M.) (P.M.) 


(P.M.) (A.M.) (P.M.) (A.M.) (P.M.) 


| 

| | 


a 

© Or Or Or Gr Gr 


16.0- 


| 


12.6-17. 
16.0-17.0 

— 16.6-15.0 
16.0-15.0 


— 
— 


16.0-15.8 
Summary? of results 


638 
348 


lellelalll itil 


® Egg deposition determined at the end of 3} to 4 hours following the first application. 
» Figures based on a total of 213 slit tomatoes for control, 108 for pyrethrum dust, and 99 for pyrenone mist. 


© Figures in parenthesis give per cent reduction under control. 


power-duster was compared with a DDT smoke applied 
with a drip venturi mounted on a Clark lift. Each ma- 
terial was applied to widely separated groups of six pallets 
in order to avoid any danger of contamination from drift. 
tight pallets, divided into two groups of four each, were 
used as checks. The dust was directed to the boxes on the 
pallets through the space between the cleats. The treat- 
ment period was 2 minutes from 2:45 to 2:47 p.m. The 
smoke contained 5% DDT and 95% petroleum distillate 
and was applied by circling the pallets three times. The 
period of application was 2 to 3 minutes and the time of 
application was 3:48 to approximately 3:51 p.m. Just 
prior to treatment bait tomatoes were placed in the check 
boxes. 

Following treatment, each group was moved into a 
storage area where they were surrounded by rows of 
boxes of untreated tomatoes. The treated groups were 
separated from one another by one of the two groups of 
check pallets. They were allowed to set overnight and at 
12 mM. the following day a series of bait tomatoes was 
removed to determine the amount of egg deposition. Fol- 
lowing this, the tomatoes were loaded on a truck and 
trailer and hauled to the cannery where they arrived at 
approximately 5 p.m. and were unloaded. In doing this, 
the pallets of each lot were scattered and randomized, and 
a space left between each of the pallets. At 8 o’clock the 
next morning the remaining bait tomatoes were removed 
for egg counts. 

The results of this experiment are given in table 3. 
and show that the pyrethrum dust was more effective 
than the DDT smoke in preventing egg deposition. The 
protection afforded by the dust was most pronounced dur- 
ing the first 24 hours following treatment. 

AREA ContROL AT CANNERY.—A series of experiments 
was conducted to determine the effectiveness of treat- 
ments when applied to a cannery storage area containing 
stored pallets of tomatoes. This study was undertaken 
from October 8 to 30 during the peak of the fly problem. 
Observations were also made on the fluctuations in the 


fly population during the period. In this series of tests 
pyrethrum dust containing 0.11% pyrethrins applied 
with a K-D portable power-duster was compared with a 
pyrenone mist (Pyrenone, 1.0% pyrethrins diluted with 
9 parts of Standard oil-CT 70°) applied with a Microsol 
model 303 applicator. Both materials were directed to the 
stored tomatoes and to all parts of the partially enclosed 
storage shed. This was done to insure treating the con- 
tents and the space within the shed. 

Because the treatments were made on an aerial basis it 
was necessary to alternate them. Each treatment was re- 
peated on several occasions eit.ier on the same or different 
days and they were interspersed with periods when no 
control measures were applied. The day was divided into 
two treatment periods: from 8:30 A.m. to 12 M. and from 
12 m. to 3:30 p.m. This was possible because the fly popula- 
tion was being continually renewed by additional loads 
of tomatoes received throughout the day. Two applica- 
tions were made on those occasions where treatments were 
applied. Each application continued for a period of 5 
minutes. The first was applied approximately 5 minutes 
after the start of the experiment and the second 2 hours 
later. Bait tomatoes were placed in the center box of 
stacks three boxes high that were lined up along the side 
of the storage area. The check tomatoes were placed in 
the check boxes at the start of each experiment and re- 
moved for the egg count immediately at the close of the 
period. 

The treatments applied, temperature conditions under 
which the experiments were conducted, and the average 
number of eggs deposited per tomato are given in table 4. 
The dust and the mist each reduced the number of eggs 
laid, but the dust performed slightly better than the mist. 
The data also indicate that there was a tendency for the 
flies to lay more eggs in the afternoon than in the morn- 
ing, confirming the findings of Michelbacher & Middle- 
kauff (1954). 


5 Viscosity 69-74 at 100° F., color 25 minimum, specific gravity at 25° C. 
is 6.8566 to 0.8838. 
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During the course of the above studies some prelimin- 
ary observations on the knock-down of flies in the shed 
were made by placing 5 to 7 square-foot pieces of white 
paper at selected points throughout the shed. Although 
there was a high initial knock-down, many of the flies re- 
covered within 1 to 3 hours. Apparently little, if any, kill 
of the flies occurred in the boxes, and for this reason the 
protection offered by the treatments from these flies, as 
well as others present, is believed to be largely due to a 
repelling action. However, Bickley et al. (1956) reported 
that pyrethrum applied as a spray apparently exerted 
little if any repelling action. 

CoMPARATIVE EFFECTIVENESS OF SEVERAL COMMER- 
ciAL PyreTHRUM ForMULATIONS.—A series of experi- 
ments was conducted to determine the comparative ef- 
fectiveness of several commercial materials containing 
pyrethrins in limiting egg deposition by Drosophila when 
applied to pallets of tomatoes after they arrived at the 
cannery. In order to determine whether inert carriers in- 
fluenced egg laying, two were included in the tests. The 
materials were formulated as dusts or liquids and were 
applied as dust, smoke, or mist. The dusts were applied 
with a K-D portable power-duster, the smoke with a 
Swingfog machine, and the mist with a Microsol Model 
303 applicator. Two pallets each containing 42 boxes of 
tomatoes were treated and all of the treatments were 
replicated twice. Six 2-pallet groups served as checks. 
The pallets used in this study were selected at random 
from trucks as they arrived at the cannery on the after- 
noon of October 9, the date the experiment was conducted 

Immediately before treatment bait tomatoes were 
placed in check boxes to determine egg deposition. The 
treatments were applied from 3:15 to 5:15 p.m. The first 
treated were the groups of pallets that were dusted, 
second those that received a mist, and last those treated 
with a smoke. All treatments were applied from one side 
of the pallets. The dusts were directed through the cleats 
and over the top of the boxes and 0.1 pound was applied 


Table 5.—Comparative effectiveness of several commer- 
cial materials se pyrethrins in preventing egg dep- 
osition by Drosophila when applied as dust, mist, or smoke 
to pallets of tomatoes. 


Aver- Per CENT 


PER AGE Repuc- 
CENT TION 
ForMU- PYRE- PER UNDER 
MatTERIALS LATION THRINS ToMATo* CONTROL 
Inert materials 
Frianite dust — 595 30 
Barden clay dust — 322 60 


Pyrethrum insecticide 


Wheat protectant dust 0.08 19 98 
Pyrocide 5 Brand I dust 0.11 31 96 
Pyrocide 5 BrandII — dust 0.11 39 96 
Pyrocide 5 Brand III dust 0.11 84 90 
Agritox CPR 20 dust 0.05 41 95 
Grain protectant dust 0.05 220 74 
*vrenone smoke 1.00 321 62 
Pyrenone mist 0.10 78 44 


*“ Exposure period approximately 16 hours; figures based on 24 tomatoes for 
each treatment and 36 tomatoes for check. 
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Table 6.—Influence of range in ripeness of tomatoes ac- 
ceptable to the canner on egg deposition by Drosophila. 


AVERAGE No. Eaes 
PER TOoMATO* 


StTaGE or RrpENEsS Oct. 11 Oct. 12 
Barely acceptable (tending toward the 
green side) 265 440 
Most acceptable (prime condition) 334 645 
Less acceptable (tending toward over- 
ripe) 321 684 


® Based on 12 bait tomatoes; temperatures ranged from 17.0°-21° C. on 
October 11 and from 16.8°-20° C. on October 12. 


for approximately 1 ton of tomatoes (1 pallet). The smoke 
and the mist were released at a distance of about 3 feet 
from the boxes. In all cases the treatment period for each 
2-pallet group was 2 minutes. 

Following treatment, each group of tomatoes was 
moved from the cannery yard into a shed storage area. 
The experimental pallets were stacked at random and 
they were separated from one another by leaving a space 
between them. They were left overnight and at 9 o’clock 
the next morning all bait tomatoes were removed for egg 
counts. Results of this test are given in table 5. The pyre- 
thrum dusts were more effective than the pyrethrum com- 
pound applied as a mist or a smoke. It is also interesting to 
note that the inert dusts exerted a suppressing action on 
egg laying. With Barden clay it was reduced 60% below 
the untreated check, whereas the reduction in the case 
of Frianite was 30%. The conditions that existed in the 
shed during the course of the experiment were favorable 
for fly activity. A very high population of flies was pre- 
sent and the temperature ranged from 24.5° to 16.0° C. 
and averaged 20.8° C. 

INFLUENCE OF RipeNEss ON Deposition.—An 
experiment was conducted to determine if tomatoes of 
different degrees of ripeness, in the range that is accept- 
able for canning, has any influence upon the amount of 
eggs deposited by Drosophila. The studies were conducted 
at a cannery in a partially enclosed storage shed. Bait 
tomatoes of three different degrees of ripeness were se- 
lected. They were placed in check boxes that were ran- 
domized throughout the stacks of tomatoes on pallets. 
The experiment was repeated on 2 consecutive days, and 
the period of exposure to ovipositing flies was from 9:15 
A.M. to 4:15 p.m. The results are given in table 6 and 
show that the fewest eggs were laid in the tomatoes that 
tended towards the green side. Egg deposition was about 
equal to tomatoes in prime condition of ripeness and those 
tending to be slightly overripe. These results are some- 
what similar to those reported by Collins (1956), who 
conducted his investigation in New Jersey. 

INFLUENCE OF TEMPERATURE UPON EcG DeEposiTIoNn. 
—In order to obtain information on the influence of 
temperature on egg deposition, an experiment was con- 
ducted in which boxes of tomatoes, held at different tem- 
peratures, were subjected to a high fly population in the 
cannery storage area. A group of nine boxes was used for 
each temperature. To secure the desired temperatures, 
boxes of tomatoes were placed in a cold room and in a 
boiler room. To insure a uniform temperature, the toma- 
toes were mixed from time to time. After the temperatures 
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Table 7.—Influence of various temperatures of tomatoes 
held in cannery shed on egg deposition by Drosophila.* 


RANGE or Arr TEMPERATURE 
in Contact with ToMATOES 
IN Boxes, (°C.) 


AVERAGE No. 
PER Tomato” 


12.0 to 12.5 1 
13.8 to 14.5 62 
15.0 to 15.2 114 
16.9 to 18.3 519 


® Exposure period 3 hours. 
Average for 10 bait tomatoes. 


reached the selected levels the groups were then placed 
in the storage shed beside the stacks of tomatoes. Bait 
tomatoes were then added and the exposure period for 
egg deposition lasted from 9:30 a.m. to 12:30 p.m. 

Thermometers were inserted into the boxes of tomatoes 
and readings were made at half-hour intervals. The air 
temperature in the storage shed, over the period the ex- 
periment was conducted, was nearly constant due to 
cloudy and rainy conditions, and ranged from 15.8° to 
16.0° C. The results of the experiment are given in table 7. 

As the temperature mounted there was an increase in 
egg deposition. At approximately 12° C. practically no 
eggs were laid, which confirms the observations made by 
Michelbacher & Middlekauff (1954). Egg laying showed 
some increase at a temperature of approximately 14° C. 
and a marked increase occurred when the temperature 
mounted from about 15.0° C. to about 17.5° C. 

INFLUENCE OF LENGTH OF ExposuRE ON Depost- 
TION.—In order to determine the effect of length of the 
period tomatoes are held on the number of eggs deposited, 
an experiment was conducted in a cannery storage shed 
where bait tomatoes were removed at hourly intervals 
over a 4-hour period. The study was made during a period 
when the fly population was especially large. Bait toma- 
toes were placed in the stacks in boxes selected at random. 
The experiment was conducted from 10:00 a.m. to 2:00 
p.M. on October 12. The temperature ranged from 16.8° 
to 18.5° C. The average number of eggs laid on 12 bait 
tomatoes mounted at a greatly accelerated rate as the 
period of exposure increased as follows: 1 hour, 24; 2 
hours, 304; 3 hours, 700; 4 hours, 2612. A small amount 
of the increase in egg deposition might be accounted for 
by the slight rise in temperature during the course of the 
experiment. Even allowing for this, the figures clearly 
indicate that the length of time tomatoes are held greatly 
influences the amount of egg deposition. - 

ResipvuE AND FLavor Tests.—In order to determine 
whether a residue or off-flavor problem existed where 
pyrethrum dusts were used, five pallets of tomatoes were 
thoroughly dusted for a period of 1 minute with a dust 
containing 0.11% pyrethrins derived from 5% Pyrocide. 
Samples of treated and untreated tomatoes were imme- 
diately taken. Part of the treated tomatoes were washed. 
Following this, samples of the control, washed and un- 
washed pyrethrum-treated tomatoes were analyzed. The 
results obtained showed that there was no difference be- 
tween the treated and untreated tomatoes. A second 
group of the same lots of tomatoes was processed into 
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juice. The juice was subjected to an organoleptic flavor 
test and no off-flavor was detected. 

Summary.—A pyrethrin dust containing 0.11% pyre. 
thrins applied to boxes of stacked tomatoes in the field or 
applied to pallets of tomatoes at the receiving station or 
at the cannery, afforded excellent protection from egg 
deposition by Drosophila for a period of approximately 24 
hours. Following this period the protection afforded 
rapidly declined. Thorough application is essential and 
the benefit derived appears to be due mostly to a repellent 
action rather than to killing the flies. Even inert dust 
tends to reduce the number of eggs deposited. 

When applied to pallets of tomatoes pyrethrum used 
as a dust proved to be much more effective in preventing 
egg laying than when applied as a mist or a smoke. How. 
ever, where used for area treatment in a partially enclosed 
cannery shed the difference between a dust and a mist was 
not pronounced. 

A pyrethrum dust was more effective in reducing egg 
laying than DDT applied as a smoke. 

The length of time tomatoes were held was extremely 
important because the rate of egg deposition was greatly 
accelerated as the period of exposure increased. 

Egg deposition halted almost completely at a tempera- 
ture of 12° C. and accelerated greatly as the temperature 
rose above 15° C. 

Greatest egg deposition occurred when tomatoes were 
in prime condition of ripeness to slightly overripe. 

There was no evidence that a pyrethrum dust created 
a residue or an off-flavor problem. 
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Biological Studies of Boll Weevils Differing in Susceptibility to the 
Chlorinated Hydrocarbon Insecticides! 
R. V. Brevarskt,? J. S. Rousset and D. F. CLower, Louisiana Agricultural Experiment Statio, Baton Rouge 


Resistance to the chlorinated hydrocarbon insecticides 
in the boll weevil, Anthonomus grandis Boh., was reported 
by Roussel & Clower (1955). The development of resist- 
ance to insecticides in some species of insects has been 
accompanied by certain changes in their biology. Studies 
were undertaken to determine if such differences have 
occurred in strains of boll weevils differing in susceptibil- 
ity to the chlorinated hydrocarbon insecticides. 

Review or Lirerature.—Pimentel et al. (1951) re- 
ported that the larval period of resistant house flies was 
longer than that of susceptible strains. Sokal & Hunter 
(1954) found that pupation site reflected the level of 
DDT resistance of each of five strains of Drosophila. 
Babers et al. (1953) found no difference in the life cycles 
of resistant and susceptible strains of the house fly. 
Varzandeh et al. (1954) found no difference in biologies of 
resistant and susceptible strains of the house fly. They 
concluded that the inheritance of resistance is inde- 
pendent of the inheritance of other characters. 

Grayson (1954) reported fewer nymphs per female and 
fewer nymphs per egg case were produced in the resistant 
strain than in the non-resistant strains of the German 
cockroach. He also reported lower body weight for both 
male and female of the resistant strain than for the cor- 
responding sex in the non-resistant strain. 

Hunter & Hinds (1904) reported the following average 
duration of stages in the life cycle of the boll weevil: 
egg, 3.75 days; larva, 8.8 days; pupa, 5.1 days. A total of 
17.8 days was required to complete the cycle from egg to 
adult. Cushman (1911) reported a variation from 11 to 
19 days, with an average of 13.68 days required for 
development. Fenton & Dunnam (1929) reported an 
average developmental period of 17.47 days in 1926 and 
19.99 days in 1925. Isley (1950) reported that the develop- 
mental period was 17 days in the field in mid-summer. 
The variation in the developmental period reported by 
different workers is presumably a result of environmental 
differences existing at the various locations of their 
study. Isley (1932) showed that moderate changes of 
temperature or humidity can affect development of the 
immature stages and oviposition of adult boll weevils. 

Variation in results obtained by these workers indicate 
that a comparison of the biology of two strains of the 
boll weevil must be conducted under similar conditions of 
temperature and humidity. 

Marertats AND Metuops.—Two strains of the boll 
weevil were maintained in the laboratory. A strain re- 
sistant to the chlorinated hydrocarbon insecticides was 
reared from cotton squares (flower buds) collected from 
Northeast Louisiana Experiment Station, St. Joseph, La. 
A susceptible strain was obtained from squares collected 
from the University Hill Farm at Baton Rouge. 

LD50 values were established by topical application of 
insecticides as described by Roussel & Clower (1955). 
All biological studies were conducted in a rearing room 
maintained at a temperature of 82°+2° F. and 80% +38% 
relative humidity. 


The total time required for the development of the 
immature stages was determined in the following manner: 
Adult boll weevils were caged in 1-gallon glass jars. Paper 
towels were placed in the bottom to adsorb excess mois- 
ture. The tops were covered with cheesecloth held firmly 
in place with a rubber band. 

Fresh uninfested squares were supplied daily. Squares 
were removed from the oviposition cages each day and 
examined for oviposition or feeding punctures. Those 
which had been punctured were placed in cylindrical 16- 
mesh screen cages 4} inches in diameter by 7 inches in 
length closed at each end with cheesecloth. These cages 
were placed horizontally on a moistened sand table to 
allow weevil development. The cages were examined 
daily. Weevils were removed and the date of emergence 
recorded. 

A similar method of obtaining infested squares was used 
to study the duration of the different stages of develop- 
ment. Three to four females and one male were placed 
in oviposition cage and given fresh cotton squares. The 
squares were removed after 24 hours and replaced with 
fresh ones. Those which had been punctured were placed 
in screen holding cages on sand tables in the rearing room. 
This procedure was repeated daily for 4 days. Each day 
five squares from each replicate were removed, dissected, 
and the development of the weevils checked with the aid 
of a binocular microscope. A total of 20 infested squares 
was examined each day from the time oviposition occurred 
until the larvae became pupae. During larval development 
the diameter of the head capsules was measured daily 
with an ocular micrometer. 

To obtain the rates of oviposition, 20 females from St. 
Joseph, La., and 20 females from Baton Rouge, La., were 
used. One female and one male from the same areas were 
placed in a half-pint jelly glass containing fresh unpunc- 
tured squares. The jars were labelled and placed in the 
rearing room. 

Squares were removed each day and replaced with fresh 
uninfested squares. The punctured squares were then 
examined with the aid of a binocular microscope for the 
presence of eggs. 

Resv.ts anp Discusston.—Results of topical applica- 
tions of endrin to boll weevils of the St. Joseph strain and 
the Baton Rouge strain are given in table 1. Results of 
studies of the biology of the two strains are given in 
tables 2 to 4 inclusive. 

The order of resistance to endrin applied topically to 
the two strains is shown in table 1. 

Studies of the total development period from egg to 
adult, table 2, showed that an average of 15.81 and 15.63 
days were required for the Baton Rouge susceptible and 
St. Joseph resistant strains, respectively. This is an aver- 


1 Accepted for publication March 5, 1957. 

2 Former Graduate Research Assistant in Entomology, Louisiana Agricul- 
tural Experiment Station. Present address Department of Entomology, Rut- 
gers University, New Brunswick, N. J. 
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Table 1.—Reaction of two strains of the boll weevil to 
endrin as measured by topical application. 


Tora. 
Dosace Rance No. 
(Ma./Gm.) Weevus Deap 


August 1955 
Baton Rouge (Susceptible) 0.00098—.06193 150 124 
St. Joseph (Resistant) 0.03030—. 19663 112 51 


LD50 =Susceptible boll weevils 0.00084+ .00020 mg./gm. 
LD50 = Resistant boll weevils 0.1237 + .0470 mg./gm. 


June-July, 1956 
Baton Rouge (Susceptible) 0.00015—.0092 1387 
St. Joseph (Resistant) 0.0124 —.4310 85 


LD50 =Susceptible boll weevils 0.00053+ .00041 mg./gm. 
LD50 = Resistant boll weevils 0.1566 + .0414 mg./gm. 


NumsBer Per Cent 
STRAIN Derap 


82.7 
45.5 


es of Baton 


Table 2.—Duration of developmental s 
boll weevils 


Rouge (susceptible) and St. Joseph (resistant 
in cotton squares. 1955-56. 


NUMBER Days 
OF 


Weevits Maximum Minimum 


STRAIN Average 


15.81 
15.63 


12.0 
12.5 


214 19 
246 19 


Baton Rouge 
St. Joseph 


Table 3.—Oviposition of Baton Rouge (susceptible) and 
St. Joseph (resistant) boll weevils* in cotton squares. 1956. 


MINIMUM 
No. Eaes 
PER Day 


Maximum 
No. Eaas 
PER Day 


AVERAGE 
No. 


STRAIN PER Day 


4.72 12 1 


Baton Rouge 
4.52 16 1 


St. Joseph 


® Twenty females of each strain. 


age difference of 0.18 day and well within the limits of 
experimental error. Egg deposition by adult females for 
the susceptible and resistant strain was 4.72 and 4.52 
eggs per day, respectively. An average difference of 0.20 
egg per female per day greater for the susceptible strain 
was not significant. 

Daily examination of squares for study of the develop- 
mental stages resulted in a similar finding as that noted 
for total development and egg deposition (table 4). 

The fact that no difference was found in the develop- 
ment of offspring from the two strains is strong evidence 
that the selection for resistance in the population was 
carried on independently of inheritance for other bio- 
logical characters. 

SummMary.—Biological studies of two strains of the boll 
weevil, one quite susceptible and a second highly resistant 
to endrin, showed no difference in the average number of 
eggs produced per female per day, duration of larval 
stadia, pupal stage or time required to develop from egg 
to adult. This is strong evidence that selection for resist- 
ance in the population was carried on independently of 
inheritance for other biological characters. 
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Table 4.—Developmental stages of susceptible bol] 
weevils, and resistant boll weevils, with average daily width 
of larval head capsule at widest diameter. 


— 


AVERAGE 
Larva Heap 
Wiptu (M».) 


STAGE OF DEVELOPMENT 
AND NUMBER® 


Days AFTER 
OvIPosITION 


Susceptible boll weevils 


20 eggs 
20 eggs 
7 eggs—13 larvae 
1 egg—19 larvae 
20 larvae 
20 larvae 
20 larvae 
20 larvae 
17 larvae— 3 pupae 
6 larvae—14 pupae 
1 larvae—19 pupae 
20 pupae 
12 pupae—8 adults 


Resistant boll weevils 


20 eggs 
20 eggs 
6 eggs—14 larvae 
1 egg—19 larvae 
20 larvae 
20 larvae 
20 larvae 
20 larvae 
16 larvae— 4 pupae 
6 larvae—14 pupae 
20 pupae 
20 pupae 
12 pupae—8 adults 


— 


® Twenty squares were dissected from each lot (resistant and susceptible) 


daily. 
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Some Chemical and Biological Experiments with Thiodan' 
Donaup A. Liypquist and Paut A. Daum, Iowa State College, Ames 


Thiodan,? 6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexa- 
hydro-6,9-methano-2,4,3-benzodioxathiepin-3-oxide (IT), 
is an experimental insecticide developed by Farbwerke 
Hoechst AG. in Germany. The technical material appar- 
ently consists of two isomers with distinctly different 
melting points but of similar insecticidal activity (Finken- 
brink 1956). This compound is currently being tested in 
the United States for the control of insect pests. 

MATERIALS AND Meruops.—Chemical experiments.— 
It was necessary to establish certain chemical information 
concerning Thiodan before beginning the biological ex- 
periments. Technical Thiodan is a brown amorphous 
powder. It was purified by use of activated charcoal’ and 
recrystallizations from 95% ethyl alcohol. Separation of 
the Thiodan isomers was effected by column chromatog- 
raphy. The glass column was 20 mm. (O.D.) by 250 mm.; 
the bottom was equipped with a stopcock and the top 
was expanded to provide an approximately 250 ml. res- 
ervoir. Aluminum oxide,‘ heated for 4 hours at 200° C. 
to insure activation, was used as the adsorbent. A column 


(95%) and water. Strips of Whatman No. 1 filter paper, 
1-inch wide, were dipped into a 5% solution (w/v) of the 
silicone in diethyl ether. The chromatograms were 
developed for 5 to 6 hours at a temperature of 80+2° F., 
during which time the solvent front advanced from 20 to 
25 cm. The location of the Thiodan isomers and Thiodan 
alcohol on the strips, after development, was detected 
by formation of silver chloride according to the method 
of Mitchell (1953). 

Untraviolet spectra of purified Thiodan, the two Thio- 
dan isomers (preceding three samples 10~* M in methyl 
alcohol), and Thiodan alcohol (10-4 M in 95% ethyl 
alcohol) were run on a Beckman DU spectrophotometer 
with an ultraviolet attachment. Infrared spectra of the 
same compounds were run on a Baird Associates infrared 
spectrophotometer, Model B, No. 127. 

Thiodan was synthesized from Thiodan alcohol (I) by 
refluxing millimole quantities of Thiodan alcohol and 
thionyl! chloride for 1 to 2 hours (quantities of reactants 
are included in table 2). In some cases 3 to 4 ml. of 


—O 


Cl 
+ SOCI, —-—— S=0 + 2 HCl 


rtible) Cl 


CH,OH 


(I), Thiodan alcohol 


of aluminum oxide 180 mm. long was placed in the glass 
chromatographic tube and about 50 ml. of carbon tetra- 
chloride (CCl,) was passed through the column. Saturated 
solutions containing 2.5 to 5 grams of technical Thiodan 
in CCl, were poured into the tube and allowed to enter 
the adsorbent. The column was eluted with 100 to 150 
ml. of CCl, and then 100 to 150 ml. of benzene. In pre- 
liminary experiments the column was eluted further with 
acetone and absolute ethyl alcohol. The eluates were 
collected in 10- or 20-ml. fractions at a rate of 2 to 4 ml. 
per minute. The solvents in each of the fractions were 
evaporated and corresponding fractions from several 
chromatographic separations of the components of 
technical Thiodan were combined and recrystallized from 
95% ethyl alcohol. Comparisons of the melting points 
and infrared spectra of the isomers isolated by these 
procedures were made with those of authentic samples of 
the isomers? (stereochemistry undesignated). 
Descending, reversed-phase paper chromatography 
was utilized to separate the Thiodan isomers and Thiodan 
aleohol,? 
bicyclo-(2.2.1) heptene-5 (I). The immobile solvent was a 
silicone compound, Dow Corning 550 Fluid,’ and the 
mobile solvent was a 3:1 mixture (v/v) of ethyl alcohol 


H; 
(II), Thiodan 


benzene were used to assure better mixing of the re- 
actants. The reaction products were compared with 
purified technical Thiodan in the following ways: melting 
point determinations, column and paper chromatographic 
analyses, and determination of infrared spectra. 

The Thiodan alcohol used in these experiments was 
prepared by acid hydrolysis of technical Thiodan. Since 
Thiodan apparently consists of two isomers, it was 
desirable to establish whether there also were two isomers 
of Thiodan alcohol. The two Thiodan isomers separated 
by column chromatography were hydrolyzed with HCl 
to their respective alcohols. These alcohols were reacted 


1 Journal paper No. J-3151 of the Iowa Agricultural Experiment Station, 
Ames, Iowa. Project No. 1256. This work was aided by grants from the U. S. 
Atomic Energy Commission, Contract No. AT(11-1)-59. The infrared spectra 
reported in this paper were obtained through the courtesy of the Institute for 
Atomic Research, Iowa State College. The suggestions of Dr. E. Wenkert of 
Iowa State College pertaining to the stereochemistry of Thiodan were greatly 
appreciated. Presented at the Fourth Annual Meeting of the Entomological 
Society of America, December 28, 1956, New York City. Accepted for publi- 
cation March 5, 1957. 

2 Obtained from the Niagara Chemical Division, Food Machinery & Chemi- 
cal Corp., Middleport, N. Y. 

3 Darco, grade G-60, Darco Dept., Atlas Powder Co., New York, N. Y. 

4 Alcoa activated alumina, grade F-20, mesh 80-200, Aluminum Co. of Amer- 
ica, Pittsburgh 19, Penna. 

5 Dow Corning Corp., Midland, Mich. 
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with thionyl chloride in an attempt to obtain again the 
respective Thiodan isomers. The two alcohols and the 
two resynthesized isomers were compared with each other 
and with purified Thiodan and Thiodan alcohol by melt- 
ing point determinations, paper chromatographic anal- 
yses, and infrared spectra. 

Biological Experiments.—Technical Thiodan, purified 
Thiodan, and the two Thiodan isomers were tested for 
insecticidal activity using 3- to 5-day-old, female house 
flies, Musca domestica L., of a non-resistant strain. The 
response of flies to p,p’-DDT was used for comparison. 
The female flies were treated topically on the ventral 
thoracic region with 1 ul. of acetone solution of the 
toxicant, using a 1 ul. pipette. Control flies were treated 
with 1 ul. of acetone. The flies were reared and held after 
treatment at 80 to 82° C. and 40 to 45% relative humid- 
ity. To facilitate handling during treatment the flies were 
immobilized with carbon dioxide. The treated flies were 
held in 1-pint, cylindrical cardboard cartons with screen 
tops. Cotton pads soaked in an aqueous sugar solution 
were placed on the screen tops to feed the flies. The mor- 
tality of the treated and control flies was recorded 24 
hours after treatment. Four dosage levels of each toxicant 
were tested using a minimum of three tests of 50 flies or 
four tests of 20 flies at each level. The results of these 
tests have been expressed as the average per cent mortal- 
ity at each dosage level; the per cent mortalities were con- 
verted to probability units (probits) in the process of 
plotting dosage—mortality regression curves. 

The acute oral toxicity of purified Thiodan to white rats 
was determined by administering a corn oil solution of 
the chemical to male white rats (Sprague-Dawley strain, 
approximately 2 months old, weighing between 250 and 
325 grams). The rats were lightly anesthetized with 
diethyl ether to facilitate dosing. The urine and feces 
of several treated rats were collected and extracted with 
CCl, and/or diethyi ether for metabolism studies. 

Resvutts anp Discusston.—Chemical Experiments.— 
The purified Thiodan (II) was a white crystalline solid 
which melted at 93 to 95° C.° The column chromatog- 
raphy experiments resulted in the isolation of three ma- 
terials (designated isomer A, isomer B, and compound C); 
isomer A was eluted with CCl,, isomer B with benzene, 
and compound C with absolute ethyl alcohol. The melting 
points of isomer A, isomer B, and compound C were 108 
to 109°, 206 to 208°, and 198 to 200° C., respectively. The 
ratio of A to B was about 4 to 1. The amounts of com- 
pound C were quite small and varied considerably. By 
comparison of infrared spectra, compound C was identi- 
fied as Thiodan alcohol. Other experiments demonstrated 
that the aluminum oxide adsorbent converted Thiodan 
to Thiodan alcohol (as suggested by Willard 1956). The 
melting points and infrared spectra of isomers A and B 
(fig. 1) compared very favorably with the authentic 
Thiodan isomers. Microchemical analyses of Thiodan 
isomers A and B, separated by column chromatography 
indicated the following percentages of carbon, hydrogen, 
and chlorine: isomer A, C—26.67, H—1.42, and Cl— 
53.16; isomer B, C—26.78, H—1.58, and Cl—52.55 (cal- 
culated percentages, C—26.56, H—1.49, and Cl—52.28). 
Ebullioscopic molecular weight determinations for the 
two isomers were 438 and 415, respectively (calculated 
m.w. 407); these values for the molecular weights would 
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Table 1.—Summary of paper chromatographic analysis of 
Thiodan and related compounds. 


Ry; 


Range 


MATERIAL Mean* 


0.39-0.44 
0.61-0.67 


0.41+0.00& 


Thiodan 
0.64+0.01 (10) 


Thiodan Isomer A 0.42+0.01 (6) 0.40-0.43 


Thiodan Isomer B 0.64+0.00 (6) 0.62-0.65 


Thiodan Alcohol 0.82-0.86 


0.85+0.00 (17) 


Compound C 0.85+0.01 (6) 0.82-0.88 


Product of Thiodan 
microsynthesis no. 1 
(see Table 2) 

A Alcohol! 

B Alcohol 


Thiodan A’ 


0.42-0.42 
0.65-0.65 


0.42+0.00 
0.65+0.00 (2) 


0.84+0.01 (2) 0.83-0.85 


0.83+0.01 (2) 0.83-0.84 


0.38-0.44 
0.61-0.67 


0.42+0.02& 
0.64+0.02 (3) 


0.38-0.46 
0.61-0.68 


0.42+0.02 & 


Thiodan B’ 
0.65 +0.02 (4) 


® The number of determinations upon which the Ry values were based are 
given in parentheses. 


rule out the possibility of the isomers existing as dimers, 

Paper chromatographic analyses of both technical and 
purified Thiodan yielded two spots (table 1). The R; 
values of these spots (0.41 and 0.64) corresponded quite 
well to the R¢ values of isomer A (0.42) and isomer B 
(0.64). The R¢ values of Thiodan alcohol (0.85) and com- 
pound C (0.85) were essentially identical (table 1). Only 
one spot was found on chromatograms of Thiodan alco- 
hol. 

Ultraviolet spectra of purified Thiodan, Thiodan iso- 
mers A and B, and Thiodan alcohol yielded identical 
curves with a single peak occurring between 212 and 214 
mu. Infrared spectra of these four materials yielded signif- 
icant differences as shown in figure 1, No. 1 to 4. 

The Thiodan syntheses are summarized in table 2. The 
data from melting point determinations, column and 
paper (table 1) chromatographic separations, and infrared 
spectra all indicated the product obtained was Thiodan. 

Acid hydrolysis of Thiodan isomers A and B yielded an 
A alcohol, m.p. 200 to 203° C., and a B alcohol, m.p. 196 
to 203° C. Paper chromatographic data (table 1) and 
infrared spectra (fig. 1, No. 4, 5, and 6) indicated that the 
hydrolysis products (A and B alcohols) were identical 
with each other and with authentic Thiodan alcohol. The 
reaction of A alcohol and B alcohol with thiony! chloride 
yielded Thiodan A’, m.p. 94 to 96° C., and Thiodan B’, 
m.p. 90 to 94° C., respectively. Paper chromatographic 
data (table 1) and infrared spectra (fig. 1, No. 1, 7, and 8) 
showed these to be identical with each other and with 
purified Thiodan. These experiments strongly indicate 
that Thiodan alcohol consists of only one isomer. 

Theoretically, three stereoisomers of Thiodan alcohol 


6 All melting points uncorrected. 
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Fig. 1.—Infrared spectra of Thiodan and related compounds. 
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Table 2.—Summary of syntheses of Thiodan from Thiodan 


alcohol and thionyl chloride. 


REACTANTS 
Thiodan 
alcohol 


YIELD 
(Per Cent) 


BENZENE 


SOCI. (ML.) m.p.* 


69» 90-92° 
78 92-94 
54 91-93 


® Uncorrected. 
> Average of 5 replicates. 
© Average of m.p. range. 


may occur, the cis exo and cis endo isomers (fig. 2) and 
the trans isomer. Since melting point data, paper chromat- 
ographic analysis, and infrared spectra indicate only one 
alcohol isomer, it appears as if the reaction with thionyl 
chloride causes some rearrangement of the alcohol to pro- 
duce two stereoisomers of Thiodan. However, when 
thionyl chloride was refluxed with either of the two 
Thiodan isomers (A or B), only the original isomer was 
found. This indicates that thionyl chloride does not 
cause a rearrangement of the Thiodan molecule. It 
tentatively can be concluded that during the reaction of 
thionyl chloride with Thiodan alcohol a rearrangement 
occurs to form two stereoisomers of Thiodan. 

Biological experiments.—Dosage-mortality curves for 
technical and purified Thiodan, Thiodan isomers A and 
B, and DDT topically applied to non-resistant female 
house flies are shown in figure 3. These experiments show 
that Thiodan and its two isomers are slightly more toxic 
to house flies than DDT and that isomer A is more toxic 
than either technical or purified Thiodan or isomer B. The 
estimated LD5o values are: A—0.14 (6.2), technical and 
purified Thiodan—0.15 (6.7), B—0.19 (8.5), and DDT— 
0.21 (9.4) wg. per fly (equivalent values, ug./g. fly body 
weight, in parentheses). 

The acute oral LD 5 of purified technical Thiodan to 
male white rats was between 40 and 50 mg./kg. The ratio 
of rats that died to rats treated (in parentheses) for vari- 
ous dosages was as follows: 40 mg. Thiodan/kg. of rat 
body weight (0/4), 50 mg./kg. (5/8), 60 mg./kg. (4/4), 
and 70 mg./kg. (3/3). Death occurred from 1 to 24 hours 
after treatment and was preceded by violent convulsions. 
One rat was dosed with 1370 mg. of Thiodan alcohol/kg. 
in a corn oil suspension and survived. 

Carbon tetrachloride and diethyl ether extracts of 
urine and feces from treated and check rats were sub- 
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Fia. 2.—Theoretical cis isomers of Thiodan alcohol. 
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Fic. 3.—Dosage-mortality curves comparing technical Thiodan, 
purified Thiodan, Thiodan isomers A and B, and p,p’-DDT to 
female house flies. 


jected to paper chromatographic analysis. There were no 
indications that either of the Thiodan isomers was pres- 
ent in the solvent extracts. These findings do not exclude 
the possibility of Thiodan alcohol being excreted since the 
alcohol is not readily soluble in either of the solvents used. 

SumMary.—Thiodan, a heterocyclic sulfur-containing 
experimental insecticide, is apparently a mixture of two 
stereoisomers. These isomers were separated by column 
and paper chromatography. Ultraviolet and_ infrared 
spectra were obtained of Thiodan, its two isomers, and 
Thiodan alcohol. The final step in the synthesis of Thio- 
dan, involving the reaction of Thiodan alcohol with 
thionyl chloride, was carried out successfully. Although 
Thiodan consists of two isomers, experimental evidence 
indicates only one isomer of Thiodan alcohol. 

In tests against female house flies, from a non-resistant 
strain, the estimated LD5. values were: Thiodan—0.15, 
isomer A—0.14, isomer B—0.19, and DDT—0.21 ug./fly. 
The acute oral LD 50 of purified technical grade Thiodan 
to male white rats was between 40 and 50 mg./kg. 
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Mating and Oviposition Habits of the Pink Bollworm Moth! 


Mavrice Luxeraur, Entomology Research Division, Agr. Res. Serv., U.S.D.A., and James GRIFFIN, 
Alabama Polytechnic Institute, Agricultural Experiment Station® 


Observations on the mating and oviposition habits of 
the pink bollworm moth, Pectinophora gossypiella (Saund.) 
were begun at Brownsville, Texas, in 1954 and continued 
in 1955 and 1956. Since the moth is nocturnal in its 
habits, tests were designed to allow observations under 
various temperature, humidity, and light conditions to 
determine factors influencing its behavior. 

Martine Hasirs.—Squire (1937) reported that pink 
bollworm moths mate only once and that copulation takes 

lace soon after emergence, lasting 1 to 2 hours. Garcia 
(1925) observed a pair of the moths copulating between 
land 12 p.m. Reported here are observations on the mat- 
ing habits of 100 pairs of moths from time of emergence 
to death. 

One pair of newly emerged moths was confined in an 
oviposition chamber (Lukefahr & Griffin 1956). When 
both moths in the chamber were dead, they were replaced 
by another pair. Forty-eight of these chambers were un- 
der observation continuously. The chambers were set 
up in an insectary to simulate as near as possible outside 
conditions. Additional observations were made in bio- 
climatic cabinets. 

Observations were made every half-hour from 6 P.M. 
to6 a.m. to determine the time, frequency, and duration 
of copulation. None of the moths copulated before 2 a.m. 
or after 5 A.M. (fig. 1). The peak of the mating period was 
3:30 a.m. Mating began approximately 7 hours after 
darkness, whether the moths were outside, in a biocli- 


NUMBER OF PAIRS OF MOTHS 


iL i 


| 2 4 5 
NUMBER OF TIMES COPULATING 


Fic, 2.—Frequency of copulation of pink bollworm moths. 


matic cabinet, in the insectary, or even when the diurnal- 
nocturnal cycle was reversed to simulate night conditions 
during the day. Mating therefore seems to be dependent 
upon a light intensity below 3 foot-candles for at least 7 
hours. 

The moths were found to have multiple mating habits. 
Seventy-two pairs had single matings and 28 pairs mated 
at least twice. The maximum number by any one pair 
was five (fig. 2). The moths observed in multiple copula- 
tion followed no definite pattern; several days sometimes 
elapsed between matings. Forty per cent of the moths 
copulated the first night after emergence, and over 80% 
had copulated by the third night (fig. 3). The first mating 
lasted from 1 to 2 hours, but succeeding ones were of 
shorter duration. 

OviposiTion StupiEs.—Squire (1937) reported that the 
pink bollworm moths may lay eggs at any time during 
the night, and also that they feed throughout the night. 
Studies on the time of herein were 

: . ‘ ‘ . : conducted in screen cages 18 by 18 by 36 inches located in 
the open near cultivated cotton to simulate field condi- 


TIME OF COPULATION 
1 Accepted for publication March 5, 1957. 
Fic. 1.—Time of copulation of pink bollworm moths. 2 In cooperation with the Texas Agricultural Experiment Station. 
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DAYS AFTER EMERGENCE 
Fic. 3.—Age of pink bollworm moths when mating occurred. 


tions. Approximately 200 pairs of moths were maintained 
inside a cage at all times. They were fed sugar solutions 
supplied in stoppered bottles with protruding cotton 
wicks. 

Every hour from 5 p.m. to 5 a.m. cotton terminals in 
small bottles were placed in the cage. At the end of the 
hour, the plants were removed and examined under the 
microscope to determine the number of eggs laid. The 
temperature, relative humidity, and light intensity were 
also recorded. The temperature was recorded from a 
standard laboratory thermometer. A Model 201 Serdex 
hygrometer was used to record the relative humidity. The 
light intensities were measured with a Model 210 Photo- 


Tabie 1.—Time of oviposition of the pink bollworm moth 
in field cages. 


Vol. 50, No, 4 


volt Universal Photometer, with a sensitivity of 0.009 
foot-candle. 

It has been found that normally the peak time of oyj. 
position is the third night after emergence. Therefore, 
when a mixed population of moths is used, percentages of 
eggs are a more accurate measurement of the time of oyj. 
position than numbers of eggs. 

More than half the eggs were laid between 8 and 19 
p.M., and in excess of 80% prior to 12 midnight (table 1), 
Although some oviposition occurred between 5 and 7 p.y, 
when the light intensity was in excess of 50 foot-candles, 
there was very little moth activity in the cages during this 
period. The moths did not begin to oviposit freely until 
after 7:30 p.m., when the light was less than 3 foot-can- 
dles. The period from 5 to 7 P.M. was characterized by a 
sharp decline in temperature and a rapid rise in relative 
humidity. The moths fed readily from 7 P.M. to 5 am, 
This period corresponds to the period of moth activity, 
which indicates that the moths feed throughout the 
night. 

Errects or TEMPERATURE, RELATIVE anp 
Licut INTENSITY ON Oviposition.—Since the period be- 
tween 8 and 10 p.m. appeared to be optimum for oviposi- 
tion, a series of tests was designed to evaluate the effects 
of temperature, relative humidity, and light intensity on 
oviposition. The tests were conducted in _bioclimatic 
cabinets (Flitters & Messenger 1953), where these factors 
could be controlled. The procedures of handling the 
moths and collecting and recording the eggs were the 
same as in the studies on time of oviposition. A standard 
of 75° F., 85% relative humidity, and 0.02 foot-candle of 
light was chosen for the cabinets, since the field studies 
had shown that oviposition was heavy on nights when 
these conditions prevailed. From 6 p.m. to 6 A.M. two of 
the factors were always kept constant and the third was 
varied. 

Under the standard conditions over 78% of the eggs 
were laid by midnight. This figure is close to the one ob- 
tained in the field-cage test (see tables 1 and 2). In the 
cabinets heavy oviposition started between 6 and 7 P.M. 


Table 2.—Oviposition of pink bollworm moths at 75° F 
and 85% relative humidity, and two light intensities. 


Per Cent or Lar at— 


3 Foot- 0.02 Foot- 
TIME candles candle 


Per Cent Licut Per Cent 
TemMPeRATURE RELATIVE INTENSITY or ToTaL 
Time (° F.) Hvumipity (Foot-Canpies) Ecos 
5-6 Pim 91.3 47.9 0.2 
6-7 87.4 54.0 50+8 .8 
7-8 82.6 65.1 20 (7:30 p.m.) 11.38 
89 79.7 74.0 0.217 30.4 
9-10 77.7 79.0 .004 23.7 
10-11 76.6 84.6 004 12.9 
11-12 75.3 89.5 007 6.3 
12-1 a.m 74.9 91.7 007 3.2 
1-2 74.7 94.0 006 4.9 
2-3 74.1 95.4 006 4.0 
3-4 73.7 96.4 006 1.5 
4-5 73.2 97.4 . 007 8 
5-6 72.8 97.7 .004 (5 a.m.) 7 
(6 a.m.) 
Total number of eggs deposited 16,059 
Per cent laid by midnight 85.6 


® Photometer would not record intensities above 50 foot-candles. 


5-6 P.M. 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-1 A.M. 
1-2 
2-3 
3-4 
4-5 
5-6 


OO 


Total number of eggs de- 
posited 255 626 
Per cent laid by midnight 83.8 78.8 
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whereas in the field cages it was between 7 and 8 P.M. 
Since optimum light intensity was attained in the cabinet 
about 2 hours earlier, moth activity and oviposition began 
earlier. 

At the standard temperature and relative humidity 
but with a light intensity of 3 foot-candles, the oviposition 
pattern was similar to the pattern with only 0.02 foot- 
candle, but less than half as many eggs were laid (table 
2). At the same temperature and relative humidity but 
with a light intensity of 20 foot-candles, no oviposition 
occurred. A temperature of either 70° or 90° F. did not 
alter the normal oviposition pattern when the light in- 
tensity and relative humidity were standard, but fewer 
eggs were laid at the lower temperature (table 3). At 
65° and lower, no moth activity was seen. 

Relative humidity did not appear to affect oviposition 
at the ranges tested. At 50 and 90% relative humidity, 
moth activity and oviposition were comparable to those 
at 859% when the temperature and light intensity were 
maintained at the standards. 

When the light intensity in the bioclimatic cabinet was 
reduced to 0.02 foot-candle and the temperature exceeded 
70° F., the moths were found to oviposit as well during the 
day as at night. 

Location OF on Piant.—Willcocks (1916) re- 
ported that 12% of the eggs of the pink bollworm were 
laid on the bolls, 62.5% on the small leaves and new 
growth, and the remainder about equally distributed 
over the rest of the plant. However, these records in- 
cluded only 59 eggs on 25 plants and were, as the author 
stated, inconclusive. Garcia (1925), upon examination of 
a large number of cotton plants in different stages of de- 
velopment, found 17,095 eggs distributed as follows: 48% 
on and under the involucre, 23% on the sepals, 28% on 
the boll wall, and 0.9% on the terminal growth. Busck 
(1917) reported that the eggs were laid on any part of the 
green boll but most commonly in the suture, and Ballou 
(1920) that they were laid on any part of the green cotton 
plant. According to Fullaway (1909), they were laid 
singly on the leaves, bracteoles, and bolls. Loftin et al. 
(1921) found in field studies that 52% of the eggs were 


_ Table 3.—Oviposition of pink bollworm moths at a light 
intensity of 0.02 foot-candle, 85% relative humidity, and 
two temperatures. 
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70° F. 90° F. 
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Table 4.—Location of pink bollworm eggs on 20 cotton 
plants. 


NUMBER OF 


LocaTION or Eaes Per CENT 


631 
534 
352 


Leaves 

Leaf petioles 
Leaf nodes 
Branch nodes 129 
Bolls 1540 
Stems 261 
Terminals 1225 
Squares and blooms 221 


4893 


2 
wm Or Or = O20 


Total 


deposited on the boll and 23% on the small leaf buds or 
terminals. 

The work of the authors cited was done using field-col- 
lected plants. It was thought that because the plants 
were exposed to wind, rain, predators, and parasites, the 
number of eggs found in unprotected locations, such as 
leaves and terminals, would be fewer than the number re- 
covered from bolls, which afford greater protection from 
these factors. A test was therefore conducted with plants 
in cages in an attempt to minimize their effects. Four 
potted Empire cotton plants with squares, blooms, and 
bolls were placed in a screened cage 3 by 6 by 4 feet. Six- 
teen pairs of moths were released in the cage, and 6 days 
later the plants were removed and examined under the 
microscope for eggs. The counts were made before any 
of the eggs hatched. This test was repeated five times to 
give a total of 20 plants examined. 

The bolls were found to be the preferred place for ovi- 
position, 31.5% of the eggs being deposited there. The 
terminals were second in preference with 25.0%, while the 
leaves had 12.9% and the leaf petioles 10.9%. The re- 
maining eggs were deposited about equally over the other 
parts of the plant (table 4). These results most nearly 
parallel those reported by Loftin et al. (1921). However, 
they reported finding eggs in all stages of development 
including shells. They also stated that the eggshell re- 
mains on the plant until it decays or is carried away by 
wind or other agencies. The design of the tests reported 
herein minimized these factors and may account for the 
higher percentage of eggs found on the unprotected por- 
tions of the plants. 

SummMary.—Studies on the habits of the pink bollworm, 
Pectinophora gossypiella (Saund.), were conducted to de- 
termine the effects of temperature, humidity, and light 
on mating and oviposition. Mating occurred between 2 
and 5 a.m., and multiple copulation occurred in 28% of 
the moths. Field-cage studies revealed that over 80% of 
the eggs were laid before midnight. A light intensity of 
0.02 foot-candle or below appeared optimum for moth 
activity and oviposition. At temperatures below 70° F. 
moth activity and oviposition were sharply reduced. The 
relative humidity, at the ranges tested, did not affect the 
moths. Bolls and plant terminals were the preferred 
places for oviposition. 
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Reproductive Potential, Longevity, and Weight of House Flies! 
Following Treatments of Larvae with Malathion? 


Mixton Ovye and Hersert Knutson,’ Kansas State College, Manhattan 


Limited studies have shown that an alteration in the 
biology of insects may occur after they are exposed to in- 
organic insecticides (summarized by Knutson, 1955) as 
well as when insecticide resistance develops to the chlor- 
inated insecticides. Metcalf (1955) summarized results of 
studies of various workers with chlorinated insecticides 
and concluded that “there is little evidence of positive 
correlation between the factors responsible for biotic 
potential or vigor and specific insecticide resistance.” 
In Metcalf’s cases, different strains that had developed 
resistance independently were involved. 

Instances of alterations in biology have also been re- 
ported following one insecticidal treatment of an indi- 
vidual strain. Knutson (1955) reported that fruit flies 
(Drosophila melanogaster Meigen) surviving dieldrin 
treatment produced 5.8% more adults than controls. 
Afifi & Knutson (1956) reported that house flies surviving 
one treatment of dieldrin produced 16.7% more adult 
progeny, their untreated F; produced 69.2% more adult 
progeny and their untreated F, produced 9.3% more adult 
progeny than controls. 

No studies using organic phosphorus insecticides are 
known. This investigation was concerned with the effects 
of three treatments of malathion in the larval media on 
certain aspects of the biology of house flies. 

Marteriats AND Metuops.—A laboratory strain of 
house fly, designated KUN and having no history of in- 
secticide exposure, was used in this investigation. The 
rearings were conducted in an insecticide-free room with 
a constant temperature of 80° F. + 2°. 

One segment of the population, randomly selected as 
the control, was designated “UT” (untreated). The other 
segment, “T’’ (treated) was treated with malathion in 
the larval stage at 2 p.p.m. for three consecutive genera- 
tions at a dosage that produced 40 to 60% mortality of 
larvae following initial treatment; little, if any, mortality 
occurred after the second and third treatments. This 
dosage was determined by preparing various concentra- 
tions ranging from 0.5 to 5 p.p.m. of 95% malathion in 
CSMA (Chemical Specialties Manufacturers Association) 
standard fly larval media on a weight basis. Each concen- 
tration of malathion was diluted with acetone to 100 ml. 
and mixed with 1600 ml. dry CSMA fly larva media in 10- 
pound waxed paper cheese tubs. The tubs were placed 


before a fan 24 hours to remove the acetone. Media con- 
taining 100 ml. of acetone without malathion were used 
as a control. Water, yeast, and dimalt were added after 24 
hours in all cases. 

Approximately 2000 eggs (0.3 ml.) from the fifth egg- 
laying day of the parents were planted in each tub. After 
8 days, the pupae were separated and counted. The re- 
sulting pupae were placed in screened cages. 

Twenty-four hours after the flies emerged, they were 
transferred from the cages by a moving air stream into 1- 
quart cylindrical cardboard cartons with screened ends 
in preparation for sexing. Carbon dioxide anaesthesia was 
used to facilitate handling and sexing. CO» anaesthesia 
was kept at a minimum, well within limits designated by 
Williams (1946). 

Seventeen replicates of 500 males and 500 females, of 
both treated and untreated groups, were transferred into 
34 individual cages. Food and water were changed daily. 
The food consisted of a mixture of 1 volume of granulated 
sugar to 2 volumes of powdered milk. The oviposition site 
consisted of a piece of 66-inch muslin covering a cork 
which floated in water in crystallization dishes. 

Daily egg-production in each cage was determined by 
washing the eggs that had been oviposited on muslin into 
a 15-ml. graduated centrifuge tube and measuring volu- 
metrically, 0.3 ml. equaling 2000 eggs. On a few days 
when eggs totaled less than 0.3 ml., actual counts were 
made and recorded. This accounts for the fact that totals 
in table 1 are not in multiples of 2000. 

The eggs from all replicates of both the treated and un- 
treated groups were then thoroughly mixed. To deter- 
mine hatchability, moistened filter paper was fitted into 
each of three petri dishes. Two hundred eggs from the 
combined mixture were placed in each dish in groups of 
10 eggs to facilitate exact counts. The filter papers were 
kept saturated with water. Records of hatched and un- 
hatched eggs were made at 24 and 48 hours. Pupation and 


1 Musca domestica L. 
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Table 2.—Longevity as expressed by cumulative female- 


Table 1.—Weekly egg production of house flies surviving 
fly days of house flies surviving larval treatment with 


larval treatment with malathion (T) and untreated (UT) 


flies. 


malathion (T) and untreated (UT) flies. 


— 


Per CENT 


SuCCES- T 
SIVE 
WEEKS 


Total® 
Eggs 


ConcLtusion UT 


Per Cent 
CUMULATIVE FEMALE 
Fry Days 


UT UT 


SUCCES- 
SIVE 
WEEKS 


CONCLUSION 


UT 1,388,171 47 
T>UT 134 
T 1,858,517 67 


UT 1,091,969 
UT>T 
T 807,292 


UT 477,582 


T 94,783 


UT 2,957,722 
Total UT>T 93 


T 2,760,592 


® Combined totals of eggs by weeks, indicating relative importance of each of 
$ weeks in productive life of the parents. 


emergence data were determined by planting daily ap- 
proximately 2000 eggs from the same source of mixed eggs 
into standard CSMA fly larva media in 10-pound waxed 
cheese tubs. The resulting pupae were counted 8 days fol- 
lowing planting of each batch of eggs, and then placed in 
cages. The resulting flies were sexed and the information 
recorded. 

Data were based on the first 21 days of the females’ 
lives, because egg production in this strain is negligible 
thereafter (Afifi & Knutson 1956). 

Weights were determined by weighing the adult prog- 
eny, grouped in consecutive 2-day periods. Lots of 100 
flies from treated and untreated groups, replicated eight 
times for both sexes, were placed in petri dishes and dried 
in an oven for 72 hours at 100° C. They were then placed 
in desiccators over calcium chloride until cooled. The 
dishes containing the flies were then weighed on an ana- 
lytical balance. They were then redried at 100° C. for 12 
additional hours and reweighed to obtain constant weights. 

The numbers of eggs from the treated and the un- 
treated were analyzed for significance by the Wilcoxon 
(1945) and Mann & Whitney (1947) ranking test. A 
similar analysis was made in the longevity studies, based 
upon cumulative female-fly days (the cumulative number 
of females remaining alive each day) and for average 
number of eggs per female-fly day. Hatchability, pupa- 
tion, emergence, and calculated adult progeny were ana- 
lyzed for significance by the chi-square criterion. Weights 
were analyzed for a significance by ‘“‘Student’s t-test.” 
The 5% level of significance was used. Where actual sig- 
nificance level was beyond 0.1%, the double inequality 
symbol was used in the tables. 

Resutts AND Discusston.—Table 1 indicates that egg 
production was 34% greater in the treated group during 
the first week but only 74% of the untreated group during 
the second week and 20% of the untreated group during 
the third week. At the end of 3 weeks, egg production of 
those treated was only 98% of the untreated group. 

Table 2 indicates that through the first week the 


1 52,466 
2 86 , 385 
3 97,099 


50,782 
92,629 
118 ,682 


T>UT 103 
UT>T 93 
UT>T» 82 


8 T=UT, 9th through 12th days. 
> From 17th day. 


treated group exceeded the untreated in longevity by 3%. 
From the 13th day the trend reversed. From the 17th 
through the 21st day, this trend became much more pro- 
nounced, ultimately resulting in only 82% as many fe- 
male-fly days in the treated group. 

The cumulative average number of eggs per female-fly 
day (table 3) in the treated group greatly exceeded that 
of the untreated during the entire 3 weeks, resulting in the 
treated ultimately being 14% greater than the untreated. 

The relationship between actual egg production, 
longevity, and average number of eggs per female-fly day 
was determined by comparing tables 1, 2, and 3. Table 1 
shows that egg production in the treated group was sig- 
nificantly less than in the untreated group at the end of 
3 weeks, while table 3 shows the treated group greatly 
exceeded the untreated in eggs per female-fly day 
throughout the entire 3 weeks. Table 2 accounts for this 
by showing that, although the treated group exceeded the 
untreated in female-fly days during the first 8 days, the 
cumulative totals resulted in a gradual reversal of this 
trend from the ninth day, with an eventual highly sig- 
nificant reversal, so that the female-fly days in the treated 
group ultimately were less than the untreated. This indi- 
cates that the eventual decrease in egg production in the 
treated group was associated with a large reduction in 
numbers of treated parent females available to lay eggs 
during the second and third weeks of life. 

Hatchability, pupation, and emergence data are pre- 
sented in table 4. Because these data were based on a 
constant number of eggs for both the treated and un- 
treated groups, they do not reflect the difference in egg 
production that occurred between groups but rather (1) 
the relative survival rate between egg and each life his- 
tory stage, and (2) between life history stages, i.e., num- 
ber of larvae available to pupate and number of pupae 
available for emergence. The progeny of the treated group 


Table 3.— Weekly cumulative average number of eggs per 
female-fly day of house flies surviving larval treatment with 
malathion (T) and untreated (UT) flies. 


SuccEs- NUMBER OF 
SIVE 


WEEKS 


CONCLUSION 
1 TSUT 
2 T>UT 
3 TSUT 
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37 
29 4 
16 
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_ Table 4.—Weekly and 3-week totals of hatchability, pupa- the untreated. Adult emergence from the treated group Te 
tion and emergence of progeny of flies surviving larval treat- 1% greater than in the untreated group. From the 8 


ment with malathion (1) and untreated (UT) flies. standpoint of relative survival between life history stages, - 
Per Cent there was a 5% greater survival in the treated group, con- 
oe ae Total® sidering the number of larvae; but 1% less adults, con- 
Weexs Hatcuep Conclusion Hatch Eggs sidering the number of pupae. 
UT 10,869 78 35 The ultimate evaluation of the effects of malathion — ~~ 
. T 11, 922° — 85 39 treatment lies in the total potential adult progeny as 
UT 11.908 =e - given in table 5, which takes into consideration not only 
2 : UT>T the relative number of eggs produced (table 1) but also Me 
+a a - the relative adult emergence rates based upon the per- 
me UT 8,968 UT>T 64 29 centage of adults emerging from a given number of eggs 
T 8,039 57 7 (table 4). During the first week of the parent’s life, adult 
! UT 31,129 7 progeny of the treated group (table 5) was 68% greater Me 
Total uhebiens UT>T ia than the untreated. During the second and third weeks = 
> this trend was reversed, being 72 and 15% of the un- HL 
ee treated group, respectively. The total adult progeny from 
Puration —_Pupation from Eggs: Teal the treated group for the entire 3 weeks was 12% greater the 
Purateo Conclusion Hatched® =Total’ Pupated — than the untreated. It will be noted that the first week of (tal 
UT 9,876! 91 67 38 the parents’ lives was of major importance in determining dua 
1 ps T>UT ne i na this total 12% increase. Egg production (table 1) was abil 
f 34% greater in the treated group during this first week, s 
T>UT 7 at a time when 47% of all eggs in the untreated group and the 
§ T 9,220 89 66 35 67% of all eggs in the treated group were being laid. pos 
4 UT 6,950 77 50 27 During this same first week of the parents’ lives (table effe 
” T 5,562 or>t 60 40 21 4), the emergence rate of adult progeny from eggs of the adc 
smeb tes en th treated flies was 16% greater, at a time when 37% of of 4 
Total , T>UT the untreated compared with 46% of the treated adult I 
progeny had emerged. pro 
Per Cent Table 6 shows that the weights of the male and female of t 
Emercence — Emergence from: “ adult progeny of the treated parents were less than the fly 
untreated during the first 8 days, but from the 9th ave 
re through 14th days the trend reversed. pal 
1 : T>UT While adult progeny of eggs produced during the first 
week of the parents’ lives weighed less than that produced 
‘ UT 8,486 (qlightly) o4 61 36 from eggs during the second week of the parents’ lives, at 
T 8,273 90 59 34 
UT 6.309 91 45 a7 Table 5.—Calculated weekly totals and 3-week total of 
3 ‘ UT>T the number of potential adult progeny of house flies surviv- 
T 4,838 87 35 20 ing larval treatment with malathion from 17 replications of 
UT 23.472 91 56 500 males and 500 females, based on number of eggs pro- 
Total ; T>UT duced per week (table 1) and percentage of eggs reaching 
T 24,089 90 57 adulthood.* 
| 
to 14,000 eggs per week, to be comparable Per 
> Combined totals by weeks, indicating relative importance of each of 3 ma 
weeks in production life of parents. SucceEs- b 3 U 
¢-f Actual total slightly higher because of laboratory accident, but not suf- SIVE ApULT — Total r 
ficient to influence conclusion. WEEKS PROGENY ConcLUSsION UT Adults? the 
pes based upon these data. stu 
(Based upon pupae available. T>UT of 
T 1,449,643 74 
exhibited a greater survival rate than the untreated dur- sta 
; ing the first week in both respects. During the second UT 666,101 39 on 
‘ week, hatchability in the treated group was less than in 2 —- UT>T 7 ad fie 
the untreated. The number of pupae in the treated group : cas 
; was, however, still greater than in the untreated in both UT 214,911 12 ne, 
respects. In the adults, the treated group was, as in the 3 UT>T 15 pr 
case of hatchability, less than the untreated. During the T 33,174 2 mt 
third week, the treated group showed a lower survival UT 1.741.678 (1! 
rate than the untreated in all criteria. Summarizing for Total pipe T>UT 112 wh 
the entire 3 weeks, from the standpoint of relative sur- T 1,959,119 ch 
vival between egg and each life history stage, hatchability . su 
® Combined totals of emerged adults by weeks, indicating relative impor- ev 


of the treated group was 2% less than in the untreated. 


Pupae from the treated group totaled 2% more than in __» Malathion treated (T) and untreated (UT). an 
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| grou Table 6.—Weight (in mg.) of adult male and female Eggs of the treated parents showed 2% less hatchabil- 
om the larval treatment with ity, but by the time that pupation was reached, the 
stages, cl P s a: treated exceeded the untreated group by 2%, and by 1% 
P,con fo Mean Wercut Per 100 after emergence. Survival rate between larval and pupal 
S, con- SvCCESSIVE stage was 5% greater in the treated group; but 1% less 
WEEKS ei UT CONCLUSION than the untreated group between pupal and adult stages. 
athio The parent flies surviving malathion treatments pro- 
eny as 1 300.1 $21.8 UT>T duced 12% more potential adult progeny than the un- 
rt only 2 349.0 $22.4 T>UT> treated. This resulted largely from differences during the 
it also Mean for 14 days 316.2 323.0 UT>T first week of the treated parents’ lives, at which time the 
© per. Males treated greatly exceeded the untreated in number of * 
of eggs 1 259.6 283.4 UT>T eggs laid and in emergence rate of the resulting adult iy 
adult 2 300.2 282.3 T>UT> progeny. 
reater Mean for 14days — 275.0 281.7 UT>T Adult progeny of the treated parents weighed less than 7 
weeks [| —— those from the untreated parents. 
8 Trend occurred on ninth day. 
le un- b Malathion treated (T) and untreated (UT). 
reater the same time, viabilities in the various life history stages : 
eek of (table 4) were greatest during the first week. The indivi- A&A, Sand E. D., and Herbert Kautson. 1956. Reproductive 
a : ; : potential, longevity, and weight of house flies which 
7 dual per fly weights of the progeny increased as the vi- survived one insecticide treatment. Jour. Econ. Ent 
) was ability decreased. 49(3): 310-3. 7 
week, Summary.—Laboratory studies on certain aspects of Knutson, H. 1955. Modifications in fecundity and life span of ; 
p and the biology of a house fly strain, with no previous ex- Drosophila melanogaster Meigen following sublethal 
laid. posure to insecticides, were conducted to determine the exposure to an insecticide. Ann. Ent. Soc. America 
‘table effects of three successive treatments with malathion 48(1-2): 35-9. 
of the added to larval media at 2 p.p.m. to produce a mortality Mann, H. B., and D. R. Whitney. 1947. On a test whether 
% of of 40 to 60%. be one of two random variables is statistically larger than 
adult Parent flies from larvae surviving malathion treatments the other. Ann. Math. Statistics 18: 50-60. 
Metcalf, R. L. 1955. Physiological basis for insect resistance 
produced 937% as ey ayo the untreated at the end in insecticides. Physiol. Revs. 35(1): 197-232. 
‘male of the 3 weeks. Longevity, based upon cumulative female- Wilcoxon, Frank. 1945. Individual comparison by ranking 
1 the fly days, was 82% as great in these treated parents. The methods. Biometrics Bull. 1: 80-3. 
9th average number of eggs per female-fly day in the treated Williams, C. M. 1946. Continuous anesthesia for insects. 
parents was 12% more than in the untreated parents. Science 103 (2663): 57. , 
first 
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Ss, at 
al of 
— Migration of the Potato Leafhopper—A Report on a Cooperative Study! 
hing J.T. Mepuer,? University of Wisconsin, Madison 
== The potato leafhopper, Empoasca fabae (Harris), has adults in great abundance, they were strongly in favor of " 
been economically important on potatoes, alfalfa, and the possibility that the insects passed the winter or sur- 
at many other plants in the North Central and Eastern — vived only in areas of milder climate and migrated north- 
1 United States for many years. However, the taxonomy of — ward as adults. They stated that the leafhopper bred on 
8 the species was not clearly known until DeLong (193la) alfalfa and similar crops during the winter in Florida and 
“a studied the internal male genitalia. A proper knowledge the Gulf States and was capable of building up large ’ 
of the species enabled DeLong (1931b) to point out that — populations in that region in March and April. : 
no authentic records of EF. fabae overwintering in northern Although many insects seem to be migratory in habit, a 
states were available. Poos (1932) made careful studies _ it is not clearly understood if insect,migrations are inher- * 
on overwintering, but could not find the species in the — ent long-established behavior patterns; or largely an in- 
field and failed in his attempts to secure hibernation in _ sect’s response to stress in its environment, such as over- q 
cages. A spring survey revealed no nymphs. On this crowding, loss of food, or adverse weather conditions. A 
negative evidence Poos concluded that E. fabae was not critical evaluation of the factors causing insect migra- q 
present at Arlington, Virginia, during the winter and tions, and increased knowledge about the patterns of 
must migrate northward each spring. DeLong & Caldwell migrations would apply to fundamental problems of in- 
(1935) reported on extensive hibernation studies in Ohio — sect biology and ecology. The potato leafhopper is well " 
which substantially verified Poos’ observations and con- 
clusions. In view of the fact that E. fabae could not be za \soriate Professor in Agronomy and Entomology. The writer expresses 
" successfully hibernated nor found in hibernation, and no sincere appreciation to T. C. Allen, G. C. Decker, L. D. Newsom, D. A. Young, 
ee Jr., and others too numerous to list here, for their valued support and contribu- 


evidence could be obtained regarding a winter egg stage, 
and in view of the late appearance in the spring of the 


tions to this research. Published with approva! of the Director of the Wisconsin 
Agricultural Experiment Station. 
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suited for migration studies because of its economic im- 
portance on several crop plants of widespread abundance, 
and its non-overwintering habit in the northern area of 
its geographical distribution. 

An opportunity to study the problem of leafhopper mi- 
gration was presented when the Research and Marketing 
Act of 1946 provided for the formation of the North 
Central States Regional Technical Committee on Ento- 
mology and established procedures for regional coopera- 
tive research. An initial project on ‘““The Causes of Insect 
Outbreaks” was outlined by C. E. Mickel, H. M. Harris, 
C. R. Neiswander and G. C. Decker, Chairman, and was 
given first priority by the Regional Technical Committee 
in 1948 as a problem deserving cooperative study. In 
1949, the Regional Technical Committee tabulated eight 
insects and/or insect groups considered to be the most 
important economic pests common to the north-central 
area. The potato leafhopper was placed third on this list. 
Subcommittees were assigned to each insect to develop 
plans of study in relation to “The Causes of Insect Out- 
breaks.”” The potato leafhopper subcommittee was Ray 
Hutson, J. A. Munro and T. C. Allen, Chairman (North 
Central States Regional Committee 1949). 

In 1950, the leafhopper subcommittee presented a pro- 
posed project outline to the Regional Technical Commit- 
tee entitled “Migration of Leafhoppers in Relation to 
Insect Outbreaks.”’ Although no funds for implementing a 
regional project were available at that time, it was 
thought that research could be initiated without funds 
if various states would care to cooperate. The first effort 
would be placed on recording the seasonal appearance of 
the leafhopper and its incidence on various hosts so as to 
determine the time and paths of migration. Collecting 
points for the leafhopper would be established. Six or 
seven states and the Cereal and Forage Insects Section, 
Entomology Research Branch, U.S.D.A., volunteered 
their cooperation on this area problem. (North Central 
States Regional Committee 1950). 

Cooperative Survey IN 1951.—Only a limited 
amount of information was solicited in 1951. Instructions 
and survey cards were prepared and distributed among 
entomologists in the North Central States in order to ob- 
tain data regarding the first occurrence and build-up of 
leafhoppers. Several states made collections supplemen- 
tary to active experiment station projects. The collection 
reports and/or collections were forwarded to the Depart- 
ment of Entomology, University of Wisconsin, for com- 
pilation. All male specimens received were checked by 
study of the internal genitalia. 

The information obtained in 1951, although incom- 
plete, was valuable in establishing the fact that a major 
problem existed in determining how a northward migra- 
tion occurred, and that there was a need to extend the 
surveys into areas south of the North Central States. 

CooPERATIVE SURVEYS IN 1952, 1953 AND 1954.—In- 
structions and survey cards were circulated early each 
spring to the North Central States, several Southern 
States and cooperators of the Entomology Research 
Branch U.S.D.A. In 1953, G. C. Decker published an 
announcement, soliciting help, in the Cooperative Eco- 
nomic Insect Report issued by the Plant Pest Control 
Branch, U.S.D.A. Reports were compiled at Wisconsin, 
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and male specimens were checked for proper identifica. 
tion. 

The dates of first record of E. fabae for those staies re. 
porting are given in table 1. In nearly all of the states the 
dates given are exactly as submitted by the various col. 
lectors. Some records were based upon female specimens 
or unverified material. Those dates with an asterisk indi. 
cate that the record was verified by a study of male speci- 
mens. It is believed that in most cases the date of first 
occurrence of E. fabae was determined fairly well, be. 
cause consistent patterns were shown. However, some 
discrepancies were found, and some omissions occurred, 
which showed that more intensive collecting was needed, 

It should be mentioned that reports were submitted 
which showed no Empoasca leafhoppers in systematic 
surveys prior to the record of first occurrence. Data also 
were submitted by some collectors which showed a con- 
sistent progression of leafhoppers northward within a 
state. Of considerable value and interest were records 
from Louisiana in 1952 and 1953 which showed the pre- 
sence of overwintering leafhoppers at Baton Rouge. 

In 1952, the first appearance of leafhoppers was re- 
corded during the middle of May in most Central and 
North Central States. Great Plains States and Minnesota 
did not report leafhoppers until early June. The data sug- 
gested that leafhoppers arrived in most of the Central 
States at about the same time and that there was a later 
sequence in appearance in states farther north. 

In 1953, a remarkable uniformity in the dates of first 
collection was obtained in most of the North Central 
States. However, in Iowa, a very interesting early record 
occurred at a light trap. Leafhoppers appeared in South 
Carolina, Tennessee and Mississippi during April. Several 
weeks later they were in the latitude of Ohio, Illinois, 
Missouri and Iowa. The leafhoppers were recorded in 
South Dakota, Minnesota and Wisconsin towards the 
last of May. The records suggested a wave-like spread of 
the leafhoppers in a concentric pattern northward from 
the Gulf of Mexico. Apparently there was one well-de- 
fined wave on April 25 to 29 that reached as far north as 
Charleston, S. C., Clarksville, Tenn., State College, Miss., 
and Ames, Iowa. A second wave probably occurred about 
the 20th of May, since most states reported first collec- 
tions at that time. No single migration path was demon- 
strated, but one path may have gone through Mississippi 
and Iowa to South Dakota and Minnesota. Another route 
to the eastward possibly was through South Carolina and 
Tennessee to North Carolina, Virginia, Maryland and 
Ohio. 

Based on the reports of extensive surveys made in sev- 
eral states, there is strong evidence in favor of definite 
migrations. For example, at State College, Miss., a nega- 
tive report was made by H. B. Green on April 9, concern- 
ing E. fabae in alfalfa. This was followed by warm winds 
mostly from the south, and on April 28 adults were in 
alfalfa 0.15 per sweep. “This sudden appearance of adults 
is evidently a migration,” Green wrote. G. C. Decker re- 
ported that in Illinois, “Leafhoppers were not found in 
rather extensive surveys (at Urbana) on May 6 and 7, but 
on the 11th they were fairly common in sparse timber and 
in the edges of alfalfa fields.” J. H. Lilly wrote from Iowa 
“Tn a survey on legume crops, May 9 to 11, no leafhoppers 
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MeEpDLER: MIGRATION OF THE Potato LEAFHOPPER 


Table 1.—Dates of first collection of Empoasca fabae in various states, 1952-54. 


STATE 


1952 


1953 


1954 


North Central States 


Illinois 
Indiana 
Iowa 


Kansas 
Michigan 
Minnesota 


Missouri 


Nebraska 


Ohio 
South Dakota 


Wisconsin 
Other States 
Louisiana 


Maryland 
Mississippi 

New York 
North Carolina 
Oklahoma 


b 


May 13, alfalfa, Champaign 
Apr. 8, alfalfa, Evansville 
May 5, alfalfa, Culver 


May 23,* sweet clover, Ames 


June 3, alfalfa, Hays 


June 2, alfalfa, Waterville 


May 8, alfalfa, Cape Girardeau 


June 15, potato, Lincoln 
May 16, alfalfa, Marietta 
May 28, alfalfa, Wooster 
June 3, alfalfa, southeast 
June 11, potato, Brookings 
May 15,* alfalfa, Madison 


Apr. 13, alfalfa, State College 


June 1 (nymphs), Stillwater 


May 11, alfalfa, Urbana 


Apr. 27,* light trap, Ames 
May 14,* red clover, Ames 


June 5, cherry, E. Lansing 
May 25,* alfalfa, Rosemount 
May 9, alfalfa, Columbia 
May 22, alfalfa, Lincoln 
May 19, light trap, Wooster 
May 25, alfalfa, Wooster 
May 20, alfalfa, Alcester 
May 20, alfalfa, Delevan 
See table 2 

May 25, alfalfa, Urbana 


Apr. 28, alfalfa, State Coolege 
June 2, light trap, Minetto 


May 21, light trap, Rocky Mount 


Apr. 26, alfalfa, Urbana 
May 25 (abundant), Urbana 


May 23, light trap, Ames 
May 27," red clover, Clarinda 


May 27, air maze trap, Garden City 


May 26, cherry, E. Lansing 
May 25, alfalfa, Hollendale 
June 2,® alfalfa, St. Paul 
Apr. 22, light trap, Campbell 
Apr. 23, alfalfa, Hayti 

May 27, alfalfa, Lincoln 
Apr. 26, sticky trap, Wooster 
Apr. 21,* light trap, Wooster 


May 26,* alfalfa, southern counties 


Apr. 9, generation developing in 


legumes® 
May 1,* light trap, Beltsville 


June 8, light trap, Oswego 


May 17,° light trap, Rocky Mount 


May 22, alfalfa, Stillwater 


Apr. 4, crimson cl.-vetch, Charles- Apr. 8, white clover, Charleston 


ton 
Apr. 28, 
Charleston 
May 14, red clover, Clarksville 
May 15,* alfalfa, Clarksville 


South Carolina 


crimson cl.-vetch, May potatoes, Charleston 


Apr. 29, alfalfa, Clarksville 

May 21,* potatoes (abundant), 
Clarksville 

May 19, snap beans, potatoes, east- May 1,* light trap, Holland 
ern shore 


Tennessee 


Virginia 


® Record was verified by a study of the internal male genitalia. 
>. E. Smith submitted collections from Baton Rouge which showed that several species of Empoasca, including fabae, were present on bur clover, hairy vetch 
and white clover during January, February and March. At the Red River Valley Expt. Station, the first record of Empoasca 2 Q was April 10, on alfalfa, and 


the first fabae o was collected on April 25. 
° Also, L. D. Newsom reported a heavy flight of E. fabae at a light trap on the night of April 11 at St. Joseph, La. A total of 629 specimens was taken in one 


night, considerably more than had ever been taken there before. 


regional cooperators as well as workers outside of the 
region. The data in 1953 were very important in establish- 
ing that migrations existed. However, many details re- 
garding the source and pathway of the migration re- 


were collected. Specimens were obtained on red clover, 
May 14, at Ames. On May 29, a heavy migration was un- 
derway (at light trap), apparently coincident with a 
period of warm (90° F.) weather.” J. R. Dogger stated 
that in North Carolina “No leafhoppers resembling 
Empoasca were present in legume fields as far west as 
Statesville up to May 13. In a light trap at Rocky Mount, 
May 21, E. fabae was abundant and appeared to be mi- 
grating. In all there were four flights of adults observed 
at Lewiston (within 75 miles of the Coast) and three 
fights at Rocky Mount (about 100 miles inland). The 
second flight was the largest with adults abundant for 
about 5 weeks and occurring 2 weeks later at Rocky 
Mount than at Lewiston.” 

L. D. Newsom obtained data given in table 2 that 
showed FE. fabae was overwintering on legumes at Baton 


Table 2.—Occurrence and abundance of Empoasca fabae 
on overwintering host plants at Baton Rouge, La. 1953.* 


NUMBER 
PER 100 


Femates NyMpHs Sweeps Host 


Medicago hispida 

Trifolium repens 
. hispda 

T. repens 

T. repens 

T. repens 

T. repens 

Vicia villosa 

T. repens 


V. villosa 


Date 


January 
January 
February 
February 
March 6, 13, 19 


Rouge, La. Nymphal instars were present during March, 
and a heavy build-up in population took place during the 
last of April. 

_ It was apparent in 1953 that there was an increasing 
Interest in the leafhopper migration project among 


Mixed legumes 
Lupine 
Lupine 
Lupine 


® Based on collections of L. D. Newsom. 


495 
| 
tifieg. 
iS col. | 
imens | 
indi- 
speci- 
l, be. 
— 
| 
eded, 
litted 
| 
also 
cords 
esota 
| 
ntral 
| 
first 
ntral 
cord | 
veral 
nois, 
the 
I-de- 
has 
iss., 
pout 
llec- 
non- | 
ipl 
and 
| 
nite 
“4 17 17 13 
14 16 21 52 
but 23 133 884 59 576 ; 

30 194 874 218 786 
and | 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 50, No, j 


Table 3.—Abundance of Empoasca fabae on various host plants in the Mississippi Valley Region, 1954.* 


Loca.ity MALEs 


FEMALES 


No./100 


Nympus SwWEEps Host 


Schulenberg, Tex. 

Nome, Tex. 

Columbia, Tex. 

Wharton, Tex. 

Navasota, Tex. 

DeQuincey, La. 

Baton Rouge, La. 
Hammond, La. 

McComb, Miss. 

Tallulah, La. 

Barksdale Fld., La. 
Barksdale Fld., La., 15 mi. S. 
Shreveport, La. 

Nome, Tex. 

Nome, Tex., 5 mi. S. 

High Island, Tex. 

Sugarland, Tex. 

Wharton, Tex. 

Hempstead, Tex. 

Magnolia, Ark. 

between Magnolia and El Dorado, Ark. 
El Dorado, Ark. 

El Dorado, Ark., 4 mi. E. 
between El Dorado and Crossett, Ark. 
Eudora, Ark. 

Tallulah, La. 

Valley Park, Miss. 

Rolling Fork, Miss. 

Lamont, Miss. 

Clarksdale, Miss. 

Lula, La. 

between Brinkley and Briscoe, Ark. 
Conway, Ark. 


— 


(total 22) 


Mixed clovers 

Mixed weeds and Melilotus sp, 
Trifolium repens 

Alfalfa 

Sucker oaks, prob. Q. marilandica 
Quercus sp., single tree 

Bur clover 

Quercus sp. 

Quercus sp. 

Bur clover 

Bur clover and some Meliloius 
Bur clover 

Alfalfa 

Mixed 7. repens, Persian clover 
Persian clover 

Bur clover 

Alfalfa 

Alfalfa 

Bur clover 

Scrub oak 

Quercus sp. 

Quercus sp. 

Quercus sp. 

Quercus sp. 

Potato 

Mixed clovers 

Common vetch 

Common vetch 

Common vetch 

Common vetch 

Common vetch 

Common vetch 

Serub oaks 


| wer | 
| 


14 
19 


17 


| | | | mm | 
soll imi ll | | 


ll 


® Based on collections and identifications by D. A. Young, Jr. 


mained to be clarified, especially an evaluation of the 
overwintering habits of the leafhopper and the source of 
the migrants. 

In 1954, there was evidence of an early and distinct 
leafhopper movement that came into southern Missouri 
and southern Lilinois approximately April 23 to 26. Some 
of this migration apparently reached Ohio on April 26. 
F. W. Poos examined light trap material from Holland, 
Va. and Beltsville, Md., which established without doubt 
that a migration of EF. fabae occurred at both places on the 
night of May 1. Following this migration, there was an 
extended period of cool weather. A second movement, 
probably the major migration, extended farther to the 
north around the last of May. Very close agreement was 
shown in lowa (May 23), Nebraska (May 27), Kansas 
(May 27), Wisconsin (May 26), Minnesota (May 25) and 
Michigan (May 26). 

Through the cooperation of the Economic Insect Sur- 
vey Section, Plant Pest Control Branch, D. A. Young, Jr. 
of the Insect Identification and Parasite Introduction Sec- 
tion, Entomology Research Branch, was assigned to a 
survey for the possible sources of migration of the potato 
leafhopper during the spring of 1954. Table 3 gives collec- 
tion data during April 2 to May 5 in an area roughly 
within a rectangle bounded by San Antonio and Waco, 
Texas, on the West, and Hammond, La. and Memphis, 
Tennessee on the east. According to Dr. Young, “Of the 
areas covered in the survey, it seems inconceivable that 
any considerable number of potato leafhoppers could 


have come into southern Illinois this year by any other 
route than the Mississippi Valley, barring the possibility 
of transportation for long distances in the upper air cur- 
rents. It seems reasonable to assume that the species, 
overwintering in the latitude of Baton Rouge (and pos- 
sibly as far north as Shreveport), multiplies in legumes 
and moves northward as the legumes are cut, or ripen or 
are ploughed under, a process which, of course, progresses 
from south to north.” 

The information gathered over the period 1951-54 by 
the efforts of voluntary contributors, and which has been 
only briefly summarized in this paper, was used by the 
leafhopper subcommittee as a basis for formulating a pro- 
posal for a financially supported regional project. In April, 
1955, the Experiment Station Directors of the North Cen- 
tral States tentatively approved the project as NC-29. 
An allocation of funds was made for an expansion of leaf- 
hopper research in Illinois, Minnesota and Wisconsin and 
a provision was made for a continuation of the cooperative 
survey by the North Central States in a coordinated and 
efficient manner. 

Summary.—Although Poos, DeLong, and others had 
reported that Empoasca fabae (Harr.) did not overwinter 
in the northern United States, the proof of a definite 
seasonal migration of this insect was not forthcoming 
until entomologists in the North Central States with the 
aid of entomologists in certain Southern States, voluntar- 
ily collected the needed data in a cooperative survey. The 
procedure for the cooperative survey was established by 
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the North Central States Regional Technical Committee 
on Entomology. The leafhopper survey project was con- 
ducted without a formal allocation of funds during the 
period covered by this report. Much of the data were ob- 
tained in conjunction with existing State Experiment 
Station Projects relating to research on legume in- 
sects. 

The data showed that E. fabae was not present in the 
North Central States during very early spring but each 
year it appeared as a migrant in April and May. The first 
specimens were predominantly adult females, but exten- 
sive collections provided enough males so that positive 
identifications could be made on the basis of characters of 
the internal genitalia. 

Collections made in the Gulf Coast States showed that 
E. fabae overwintered in the latitude of Baton Rouge, 
La., particularly on legume host plants, and could be 
widely collected early in the spring in the lower Missis- 
sippi River Valley. 

The cooperative voluntary research was the basis for 
initiation of a formal regional project, NC-29, which pro- 
vided for more intensive surveys in the spring, a study of 
winter breeding areas, determination of the possible 
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routes and methods of migration, and the physiological 
and ecological factors associated with or responsible for 
the migrations. 
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OBITUARY 
Henrp Gordon MacGregor Crawford 
1891-1956 


Henry Gordon Crawford, Entomology Division, Canada De- 
partment of Agriculture, died on June 6, 1956, at the age of 65. 

Mr. Crawford received his early education at Windsor Acad- 
emy, N.S., and at Dalhousie University, Halifax, later attending 
the Nova Scotia Agricultural College at Truro. He graduated in 
1915 from the Ontario Agricultural College and received his 
MSe. degree from the University of Ilinois in 1918, For 2 years 
he was lecturer in entomology at the Ontario Agricultural Col- 
lege and in 1920 he joined the staff of the Entomological Branch, 
becoming Chief of the Field Crop and Garden Insect Investiga- 
tions in 1925. In 1943 he was appointed Dominion Entomologist 
and Assistant Director of Science Service. During his period as 
Chief of Field Crop and Garden Insect Investigations, he had to 
contend with numerous major outbreaks of insects of economic 
importance and was an authority on the European corn borer. 
These emergencies had to be met without the advantage of 
modern equipment and potent insecticides and with the de- 
pleted finances of the widespread economic depression of the 
1930's. He also had the distinction of leading the Entomology 
Division during its period of greatest growth, from 1945 to 1950, 
when the staff increased by 267%. Because of ill health, he re- 
linquished this position of leadership in 1950 and retired from 
public life in 1955, after 35 years of service. 

Born at Mahone Bay, N. S., eldest son of the late Reverend 
J. W. M. Crawford and Charlotte MacGregor, he married Edith 
Marguerite Woodman of Grand Pré, N. S., in 1926. For years 
their homes in Ottawa and at Kirk’s Ferry were renowned for 
their hospitality. 

Mr. Crawford was a member of the Professional Institute of 
the Public Service of Canada, the Agricultural Institute of 
Canada, the entomological societies of Canada and Ontario, the 
American Association of Economic Entomologists, the Entomo- 
logical Society of America, the Quebec Society for the Protection 
of Plants, the Ottawa Field-Naturalists’ Club, and the Univer- 
sity Club of Ottawa. He was a Fellow of the Royal Entomological 
Society of London. 


Mr. Crawford is survived by his wife, Mrs. Edith Woodman 
Crawford, who lives at 673 MacLaren Street, Ottawa, Canada. 
R. V. DerrauGu 
W. N. Keenan 
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SCIENTIFIC NOTES 


Establishment of the Seed Weevil, Apion 
ulicis Forst., for Suppression of Gorse 
in California’ 


J. K. Hottoway, Entomology Research Division, Agric. 
Res. Serv., U.S.D.A., and C. B. Hurraker, Depart- 
ment of Biological Control, University of California 


The first attempt in the United States to control a weed by the 
introduction of its phytophagous enemies from abroad was in- 
itiated in 1944 (Smith 1947) against the serious range pest 
Klamath weed (Hypericum perforatum L.). The successful re- 
sults of that attempt were reported (Holloway 1948; Holloway 
& Huffaker 1951, 1953; Huffaker 1951). The present paper deals 
with the second weedy species to be attacked by this means in 
North America, the leguminous shrub known as gorse or furze 
(Ulex europaeus L.). While the outcome may not prove to be so 
strikingly successful, there is a good possibility that considerable 
benefits may result. 

Gorse is an exceedingly noxious plant. Its undesirable charac- 
teristics are well stated by Robbins et al. (1941, p. 234) and 
Pryor & Dana (1952). Gorse was introduced into the United 
States as an ornamental from Europe. In the northern coastal 
counties of California, including Santa Cruz, Marin, Sonoma, 
Mendocino, Humboldt and Del Norte, it has escaped from culti- 
vation and has spread over farm lands. It comes in on burned- 
over timber or brush areas and gradually encroaches into open 
ranges, crowding out the forage species. In the seedling stage the 
plant is tender and palatable to livestock, but it soon develops 
into a densely branched shrub 2 to 8 feet high, the leaves of which 
are reduced to needle-like spines. The resulting dense spiny 
thickets are practically impenetrable by man or livestock, and 
must be burned and allowed a time for regrowth before chemicals 
can be applied effectively (Pryor & Dana 1952) or attempts at 
grubbing made. 

The weed can be controlled by a combination of burning, 
chemical treatment, and cultivation, but the program must be a 
vigorous one and continued for a number of years. The land on 
which some of the infestations occur is rough and not readily 
accessible. Control by such means would be difficult and very 
expensive in proportion to the value of the land. If the cost of 
such control on the presently limited acreage could be charged 
against all the lands potentially susceptible, then it is likely that 
the most prudent course even at this time would be one of quick 
extermination. 

The acreage infested in California in 1951 was estimated by 
Pryor & Dana (1952) at 15,350 acres, and there are perhaps 
equivalent or larger acreages infested in Washington and Oregon. 

The present effort of biological control through introduction 
into this country of the seed weevil, Apion ulicis Forst., from 
France is significantly related to this rather limited extensiveness 
of the infestations at the present time, and is correlated with the 
rather slow but steady spread of the weed, for the weevils pres- 
ently employed can only reduce or prevent spread; they cannot 
destroy existing stands. The spread is particularly slow, since it 
is accomplished primarily by the “throwing” of the seeds by the 
dehiscing pods—only 8 or 4 feet from each plant (Chater 1931). 
There is, of course, some spread to greater distances by birds, 
rodents, man, and running water, for example. 

With this situation, any agent that destroys a very high per- 
centage of the seeds may be looked upon as a stopgap in prevent- 
ing more rapid spread and reducing the problem of reinfestation 
of the stands being subjected to chemical or physical control. 
The damage to existing plants (by the adult weevils) is negligible. 
If only a few seeds are left undestroyed each year, there are 
likely to be plenty left in the soil beneath an old plant to replace 
it, for the hard-coated seeds are viable for perhaps 25 years, the 


life span of a plant (Chater 1931). It is thus as a supplement to 
vigorous control by other methods that the seed weevils are 
viewed, and it was with this objective that the decision was taken 
in 1947 to explore the advisability of introducing this weevil into 
this country. 

It was necessary to assure the safety of the undertaking, Ip. 
vestigators working for the New Zealand Government had con. 
ducted in the late 1920’s (Davies 1928) host-specificity tests 
covering a range of plants considered of even remote likelihood of 
attack by this insect. The tests showed it to be restricted to 
gorse, it being incapable of development even on the closely re. 
lated Scotch broom. The fact that this insect is closely adapted in 
its utilization and restricted to pods of leguminous plants that 
dehisce, thus releasing the weevils upon maturity of the pods, 
permitted the New Zealand Government to limit the scope of its 
tests to this family of plants. 

Before any field releases could be made in this country the 
United States Department of Agriculture required that addi- 
tional tests be made on sweetclover (Melilotus alba Desr.), bird’s 
foot trefoil (Lotus corniculatus L.), and false acacia or black locust 
(Robinia pseudoacacia L.). The first importations for testing were 
made in 1948, from France. It was soon discovered that the 
quarantine facilities available for this work at Albany, California, 
were inadequate; so the project was suspended and the recom- 
mendation made that the tests be conducted in Europe. Harry 
L. Parker and P. A. Berry, of the Bureau of Entomology and 
Plant Quarantine’s parasite laboratory in Paris, conducted the 
tests and found that A pion ulicis would not feed or breed on these 
plants. As a result of their work official clearance was obtained in 
April 1952 for release of the weevil in this country. 

The first shipments of weevils from France were received the 
following July. A total of 95 weevils were reared from imported 
stock under confined conditions. This procedure required 1 year, 
the length of the insect’s life cycle. 

The first field release in California was made in July 19858, at 
the Tregoning Ranch near Caspar in Mendocino County. The 
95 adult weevils were released on a plant over which a plastic- 
screen cage had been placed. The cage was removed in order to 
permit pollination and normal set of pods in the spring of 1954, 
at which time the stock released would begin ovipositing. During 
the fall and winter of 1953 none of the weevils could be found at 
the release site. In view of what is now known, this stock prob- 
ably would have become established unsupported, but since 
there were so few weevils and they had not yet had a chance to 
reproduce, it was considered advisable to import additional 
adults from France to bolster the colonization. 

In March 1954 a shipment of 168 adults was received from the 
Paris laboratory. Half of them were released in Mendocino 
County at the earlier location and the remainder in San Mateo 
County. This stock had overwintered under field conditions in 
France, and the females were ready for immediate oviposition. 

In October of the same year adults from the first generation in 
California were observed, and in July 1955 weevils could readily 
be found in the vicinity of the release in Mendocino County. A 
fire had caused havoc in the release site in San Mateo County. 
In July 1956 a very marked increase in the population was obvi- 
ous; infested seed pods could easily be found as much as 100 
yards from the original release points. The weevils were also 
coming back satisfactorily at the San Mateo County release 
point. 

This work will be continued during the next few years in order 
to evaluate the effectiveness of these weevils, but we hope that 
this program will in no way deter the consideration of efforts to 
exterminate this potentially very serious pest. 


1 Accepted for publication February 12, 1957. 
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cally on newly emerged house flies to be 2 ug./gm.; on older- 
“captured” flies the LD-50 was 8-21 yg./gm. Harrison (1952) 
found flies 9 to 10 and 16 to 19 days old to be more susceptible to 
DDT than 4 to 5-day-old flies. 

Rockstein (1956) found biochemical changes with aging in 
adult house flies. Because changes in susceptibility might be re- 
lated to changes in detoxication, the degradation of DDT was 
determined at various ages. 

ProcepurEe.—House flies of a DDT-resistant strain desig- 
nated Multi I (Bruce & Decker 1950, Decker & Bruce 1952) 
were reared by essentially the standard method of the Chemical 
Specialties Manufacturers Association. Adults were held in 1-pint 
paper cans with screen lids. These were kept in a non-aircondi- 
tioned rearing room until 1 hour before treatment and were 
fed condensed milk (diluted 1:3) from inverted, cheesecloth- 
covered vials, Flies were anesthetized with carbon dioxide for 13 
minutes during treatment. From a screw-driven 0.25-ml. syringe, 
0.867 ug. of DDT (m.p. 107-8°) in 1.2 wl. of acetone was applied 
to the dorsum of the thorax. The cans of treated flies were held at 
27° C. and 1 foot from a 40-watt light. 

Absorption of DDT was measured by subtracting from the 
applied dose the amount of DDT found in two 25-ml. ether rinses 
by a modified Schechter-Haller procedure (Sternburg et al. 
1950). 

The internal DDT and DDE (1,1-dichloro-2,2-bis-p-chloro 
phenylethylene) were determined on two 25-ml. ether extracts of 
the brei of rinsed flies. A part of the dosage, referred to as “non- 
Schechter-Haller metabolite,” could not be accounted for with 
this extraction procedure. 

Resvutts anp Discusston.—Results are summarized in table 
1. 

Survival was lower with older flies, but it is problematical that 
the presence of DDT is the primary cause of death. When un- 
treated flies were 8 days old, 50% had died; at 11 days, 90% had 
died. This was more than would be the cumulated mortality of 
table 1 so correction by Abbott’s formula is impossible. The 
short length of life may be due to the extreme summer heat in 
the rearing room. 

The absorption of DDT seemed uninfluenced by age. The ab- 
sorbed DDT was found as DDE in older surviving flies. Corre- 
lated with this, the amount of unaccounted-for DDT decreased 
in older flies. The amount of unchanged DDT inside the flies 
showed no clear-cut trend. 

Conciusions.—The total DDT degradation in treated house 
flies is essentially unchanged by age. However, in younger flies 
the predominant degradent is not detectable in ether extracts by 
a modified Schechter-Haller analysis. In older flies, the dehydro- 
chlorination praduct, DDE, is found in increasing quantity. Ap- 
plication of DDE to flies of varied ages might reveal if this effect 


Table 1.—Effect of age on 50 house flies (Strain Multi I) 
living 24 hours at 27° C. with 0.867 micrograms of DDT ap- 
plied topically. 


PER PER PER 
CENT CENT CENT 
Per Cent oF Dose or Dose or Dose 
CENT DDT as DDE as DDT AS 
ABSORBED INsIDE- INsIpE n-S-H®* 


PER 


AGE 
(Days) 


22. 46.8 
34. 
18. 
62. 
53. 
62. 
58. 


COA Om 


® Not Schechter-Halier assayable. 
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of age is due to competition with the dehydrochlorinase or to 
metabolism of DDE to an undetectable product. 
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Harvest Residues of Schradan in Meats of 
Field-Treated Walnuts 


R. C. Burn, F. A. Guntuer, J. C. OrteGa and L. M. 
Euuiortr, University of California Citrus Experiment 
Station, Riverside 


The promising nature of the control of the walnut aphid, 
Chromaphis juglandicola (Kltb.), by the use of schradan (octa- 
methyl pyrophosphoramide) has warranted investigation of 
magnitudes of its residues in meats of harvested walnuts. Mature 
Placentia walnut trees were sprayed with an emulsifiable formu- 
lation containing 4 pounds of actual schradan per gallon. Ap- 
plications were made at the rate of 400 gallons per acre per treat- 
ment, using spray-blower equipment at the times and dosages 
listed in table 1. 

Exactly 40 fallen walnuts (20 from each half) were collected 
from under each of 10 trees in each plot and the resulting 400 
nuts were processed as a unit. Each plot was sampled in triplicate. 

Each sample was dehydrated and bleached in a commercial 


Table 1.—Residues of schradan in field-treated walnuts 
at harvest for 1956 season. 


Rate OF 
APPLICA- 
TION, 
Las./AcRE/ 
‘TREATMENT 


SCHRADAN, 
P.P.M.? 


TREATMENT 
DatEs* 


.05, 0.07, 0.06 
. 22, 0.22, 0.16 
. 13, 0.18, 0.30 
. 34, 0.23, 0.29 
.09, 0.09, 0.31 
.08, 0.16, 0.33 
0:21, = 
39, 0.43, 0.45 
.52, 0.77, 0.68 

9 

1 


Control 

May 21 

May 21 and August 21 
July 6 

July 6 and August 21 
August 21 

May 21 

May 21 and August 21 
July 6 

July 6 and August 21 
August 21 


60, 0.49, 0.52 


® All samples were collected on September 21. 
> Values are corrected for average background (0.06 p.p.m.) and for recovery 


(60%). 


r 
71.6 
65.8 
66.8 
63.2 
74.7 
73.6 
73.0 
62.1 
wis 


lerance 
3): 199- 


sistance 
Hyg. 1: 


train of 
8. 
ent ofa 


ce 107: 
ging in 


50. Ab- 
nt and 
14-9, 

ition of 
DT for 
Exptl. 


aphid, 

(octa- 
ion of 
lature 
formu- 
n. Ap- 
 treat- 
losages 


llected 
ng 400 
slicate. 
nercial 


alnuts 


August 1957 


manner. The meats were separated and dehydrated in a forced- 
air oven at 43° C, for 4 hours, then ground in a food grinder. 
Representative 750-gram portions of the ground meats were 
equilibrated in a drum tumbler (Gunther & Blinn 1955) with 
1500 ml. of water for 1 hour (Gauditz 1956). The resulting slurry 
was filtered first through cheesecloth and then through filter 
paper, with care to exclude walnut oil from the filtrate. Chloro- 
form was added to the filtrate at the rate of 0.5 ml. per ml. of 
aqueous solution. This mixture was equilibrated in a drum 
tumbler (Gunther & Blinn 1955) for 30 minutes then stored at 4° 
C. awaiting analysis. 

The chloroform extract was separated, dried with anhydrous 
sodium sulfate, and concentrated in a Kuderna-Danish evapo- 
rative concentrator (Gunther & Blinn 1955). The moist residue 
was dissolved in 200 ml. of petroleum ether (boiling range, 60°- 
0° C.) and extracted with three 10-ml. portions of 1 N hydro- 
chloric acid solution. The combined acid extracts were in turn 
extracted with four 20-ml. portions of chloroform. The combined 
chloroform extracts were concentrated to a few ml., hydrolyzed 
with concentrated hydrochloric acid, and the resulting dimethyl- 
amine was determined by the Hall colorimetric method (Hall 
etal. 1951). Duplicate control samples fortified at 0.2 p.p.m. dur- 
ing the equilibration with water gave 55 and 65% recovery. 

Results of this study are presented in table 1. Averaged values 
for these residues indicate that with both dosages the August 21 
applications did not penetrate appreciably into the nut meats. 
The May treatment with either dosage affords a minimum resi- 
due. Without data on rates of growth of walnut foliage and nuts 
and on rates of possible mobilization of schradan from the foliage 
into the growing nuts, other conclusions from these residue data 
are hardly justifiable. 
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Thimet Uptake by Pima S-1 Cotton and 
Its Effect on Seedling Emergence’ 


and J. C. CLarK? 


Seed of the Pima S-1 cotton variety have hard coats which con- 
tribute to a delay in germination, even though favorable en- 
vironmental conditions are present. Walhood (1956) has shown 
that the dormancy due to this condition of “hard seed” can be 
alleviated by a brief hot water immersion treatment. Hanna 
(1956) and others have shown that certain insects may be con- 
trolled on seedling plants grown from seed treated with a sys- 
temic insecticide but that under certain conditions germination 
and early plant growth may be impaired as a result of the seed 
treatment. Since Pima S-1 cotton has the condition of “hard 
seed,”” an interaction of the seed coat and the insecticide could 
possibly complicate the process of germination and subsequent 
absorption of the insecticide. The following experiment was con- 
ducted to determine the degree of Thimet accumulation and its 
effect on emergence of Pima S-1 and Deltapine cotton. 

Metnops.—Cotton seed of the Pima S-1 variety, which con- 
tained approximately 12% hard seeds, were acid delinted and 
partitioned into two lots. One lot was heat treated by immersing 
in an 85° C. hot water bath for 75 seconds, while the other lot 
remained untreated.’ A portion of the hot water treated and un- 
treated seed was coated with Thimet as a carbon impregnated 
dust at the rate of 4 pounds per 100 pounds of seed. This gave 
the following four treatments: hot water treated seed with and 
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Table 1.—Effect of Thimet as a seed treatment on emer- 
gence and its accumulation in Pima S-1 and Deltapine plants 
as measured by cotton aphid bioassay.* 


Days Arrer PLANTING 
7 12 40 57 


Per Cent Net Aphid 
Mortality 


Per Cent 


VARIETY AND TREATMENT Emergence 


Pima S-1 
Hot water treated{ ‘ 95 


0 
0 


Untreated Check 0 


Deltapine Thimet 100 96 
Untreated {Cheek ‘0 93.0 93.0 0 0 


® All values as means of two experiments. 


without Thimet, and untreated seed with and without Thimet. 
A fifth treatment of Deltapine seed coated with Thimet was 
used as a standard to provide a comparative measure of insecti- 
cide accumulation as determined by cotton aphid (Aphis gos- 
sypit Glov.) bioassay. 

On September 14, 1956, ten seeds from each treatment were 
planted in No. 10 tin cans filled with soil; and each treatment was 
replicated 10 times. Emergence counts were made daily until 
September 26, at which time no further increase was noted. The 
seedlings were then infested with cotton aphids and the insect 
mortality determined weekly. This experiment was repeated in 
its entirety at a later date, and the results obtained were almost 
identical to those of the first experiment. 

Resutts AND hot water 
treated Pima S-1 seed emerged more rapidly and had a higher 
final stand count than the untreated Pima seed. These results are 
in accord with those of Walhood (1956). It was noteworthy that 
in both the hot water treated and untreated lots, the seed coated 
with Thimet emerged at a more rapid rate than those which did 
not receive the insecticide. Further, Thimet coated-hot water 
treated seed had a 6.5% increase in final stand count as com- 
pared with its check. No difference in final stand was found for 
the untreated seed, with or without Thimet. In this experiment 
the emergence rate of Pima S-1 cotton was definitely hastened 
when Thimet was added to the seed. The reason for this is not 
clear. 

The Thimet-coated Deltapine seed showed a slight reduction 
in emergence rate as compared with the checks; however, the 
final stand was comparable for both treatments (table 1). This 
evidence shows that excellent cotton stands from Thimet- 
treated seed are possible when favorable soil moisture and tem- 
perature are present. On the other hand, the lag in the rate of 
emergence found in this variety indicated that Thimet retarded 
germination. Seedling vigor was probably reduced due to Thimet 
treatment, and the possibility exists that plant loss under ad- 
verse environmental conditions would be increased. Results of 
field tests at College Station, Texas, have shown that stand re- 
ductions and inhibition of early plant growth occurs in Thimet- 
treated seed (Hanna 1956). It is essential, nevertheless, that 
additional information qualifying the influence of environment 
on germination and emergence of Thimet-treated seed be ob- 
tained. It should be kept in mind also, that weakened plants 
could be more susceptible to seedling diseases, and under certain 
conditions, serious losses in crop stands may occur. 

Insect Toxicity.—Aphid bioassay showed that all of the Pima 
S-1 (with and without hot water treatment) and Deltapine seed 


1 Accepted for publication February 28, 1957. 

2 Physiologist, Crops Research Division and Entomologist, Entomology Re- 
search Division, respectively, Agr. Res. Sery., U.S.D.A., in cooperation with 
Texas Agricultural Experiment Station. 

3 The Pima S-1 seeds (untreated and hot water treated) were supplied by 
V. T. Walhood, Agric. Res. Serv., U.S.D.A., Shafter, Calif. 
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treated with Thimet produced seedlings which gave 100% kill 


of those insects 49 days after planting. All of the Thimet-treated _ 


plants in both varieties started to lose their residual toxicity 57 
days after planting (table 1). The results show that Pima S-1 
seedlings absorb Thimet in quantities which are comparable to 
those taken up by Deltapine as measured by insect bioassay. 

Summary.—Seed of the Pima S-1 (untreated and hot water 
treated) and Deltapine cotton varieties were coated with Thimet 
at the rate of 4 pounds of technical material per 100 pounds of 
seed and planted in soil-filled tin cans. A faster rate of emergence 
was found for Thimet-coated Pima S-1 seed than for their re- 
spective checks. The hot water treated seed coated with Thimet 
had a 6.5% increase in final stand as compared with its check, 
while no difference occurred on the untreated series, with or 
without Thimet. The emergence rate of Deltapine seed treated 
with Thimet was slightly reduced as compared with its respective 
check; however, final plant stands were comparable for both 
treatments. 

Pima S-1 seedlings absorbed Thimet in quantities comparable 
to those of Deltapine as measured by cotton aphid bioassay. 
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The Effectiveness of New Repellents for 
the Control of Horn Flies 
on Dairy Cattle’ 


W. W. NeeEt, Mississippi Agricultural Experiment 
Station, State College 


This experiment was undertaken in an effort to find out what 
effect the addition of butoxy polypropylene glycol? and Tabutrex* 
to the standard dairy spray, methoxychlor, would have on horn 
fly control and milk production. Recently, Granett & Hansens 
(1956) in New Jersey have shown that butoxy polypropylene 
glycol when added to methoxychlor increased milk flow by giving 
more effective control of biting flies. 

ProcepureE AND Matertats.—A producing dairy herd be- 
longing to the Mississippi Experiment Station’s pilot farm at 
West Point, Miss., was divided into 4 groups of 5 animals each. 
The herd was predominantly Jersey, but a few Guernsey and 
Holstein cows were included in the test. The experiment was 
designed so that each group had an equal number of heavy, me- 
dium and low milk producers. 

The horn fly, Siphona irritans (L.), was the only fly that was 
considered a nuisance at the time this experiment was conducted. 
The cows receiving treatments were sprayed once a week for 4 
weeks during August and September 1956. Because the manage- 
ment practice permitted no other design, the entire dairy herd, 
including the test groups and the untreated heifers and dry cows, 
was maintained as one unit in one pasture. 

The treatments on the various groups were: 

Group I—10% methoxychlor emulsifiable (Sovachlor Live- 

stock Spray), diluted 1 to 19 parts water. 

Group II—5% methoxychlor emulsifiable, 50% butoxy poly- 
propylene glycol, diluted 1 to 9 parts water. 

Group III—10% methoxychlor emulsifiable (Sovachlor Live- 
stock Spray), 20% Tabutrex (emulsifiable), diluted 1 to 19 
parts water. 

Group IV—Untreated. 

The sprays were applied with a 3-gallon knapsack sprayer in 

the morning about 7 a.M., following milking. Approximately 1 
quart was applied per animal. Daily milk records were kept on 
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Table 1.—Results of the addition of repellents to a dairy 
spray for horn fly control. 


— 


AveraGE NuMBER OF Horn Fires per Cow 
ON THE Firta Day TREATMENT 


TREATMENT 1 2 Average 
Methoxychlor 20.8 
polypropylene glyco 13.2 
lor +Tfabutrex 23.6 
Untreated check 35.2 


82.658 


22,358 
27.008 
63.55 


® Significantly different from the untreated check; none of the treatments 
were significantly different from each other at the 5% level of probability, 


the test group of cows during a period of 4 weeks. Fly counts 
were made in the field about 11 a.m. on the second and fifth days 
after treatment. 

Resutts anp Discussion.—Horn fly control.—On the second 
day after treatment, the fly counts on all the treated animals 
were extremely low. At this time the counts made on the un- 
treated animals were also at a low level. As was to be expected, 
the presence of the treated cows with the untreated group de- 
cidedly lowered the fly counts on the latter group. This condi- 
tion was evident especially during the first few days following 
spraying. An analysis of variance, using the 5 cows as subsamples 
and the 4 weeks as replications, performed on the fly counts made 
on the second day following treatment showed that: (1) there 
was no significant difference between the number of flies on the 
treated and on the untreated animals, (2) there were no signifi- 
cant differences in the fly counts between the treated groups. 

On the fifth day following treatments the horn fly population 
had built up sufficiently to ntake some difference in the fly counts 
between the various groups (table 1). The counts on the un- 
treated group had shown a sharp rise in comparison with the 
treated animals. An analysis of variance of the counts made on 
the fifth day following treatment revealed that: (1) a significant 
difference existed at the 5% level between the untreated check 
and the treated groups, but (2) no significant differences existed 
between the three treated groups. In comparing the three treat- 
ments it may be noted that the animals sprayed with methoxy- 
chlor plus butoxy polypropylene glycol had somewhat fewer 
flies each week than the animals which received the other two 
treatments, however, the differences were not significant. 

Milk production.—The weighing and recording of the daily 
milk production per cow during the 4-week period was the most 
time-consuming part of the experiment. In individual cases, 
fluctuations in milk production occurred occasionally, but every 
effort was made to keep the overall conditions of the experiment 
as uniform as possible. 

An analysis of variance performed on the milk-production data 
revealed that no significant difference, due to horn fly control, 
occurred between the untreated group and any of the treated 
groups. A significant difference in milk production between the 
different groups did occur, but this difference could not be at- 
tributed to fly control. As an example, the milk production of 
the group treated with methoxychlvr alone was significantly less 
than the untreated group the first week of the test even though 
the methoxychlor-treated group had less flies than the group 
receiving no treatment, The trend continued throughout the re- 
mainder of the experiment for this treatment. 

Several possible reasons which may have been responsible for 
the failure to show significant differences in milk production due 
to horn fly control are listed as follows: (1) comparatively low 
horn fly population, (2) presence of untreated cattle in the same 
pasture with treated cattle, and (3) failure to shift comparable 


1 Accepted for publication March 12, 1957. 
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producing cows from one treatment group to another at the 
end of each week. 

Summary.—A test to evaluate the control of the horn fly, 
Siphona irritans (L.), on dairy cattle during the summer of 1956 
near West Point, Miss., revealed that the number of horn flies 
was significantly less on the groups of animals sprayed with 
methoxychlor, methoxychlor plus butoxy polypropylene glycol, 
and methoxychlor plus Tabutrex than on the unsprayed animals, 
The cows which were sprayed with butoxy polypropylene glycol 
plus methoxy chlor were infested with somewhat fewer flies than 
those which received the other two treatments, but the difference 
was not significant. An analysis of daily milk production records 
kept during the test period of 4 weeks failed to show that horn 
fly control, as obtained under the conditions of this experiment, 
influenced milk flow. If a high horn fly population had been pre- 
sent more influence on milk flow would have been expected. 


REFERENCES CITED 


Granett, Philip, and Elton J. Hansens. 1956. Effect of biting 
fly control on milk production. Jour. Econ. Ent. 
49(4): 465-7. 

Duncan, D. B. 1955. Multiple range and multiple F tests. 
Biometrics 11(1): 1-42. 


Biology and Control of Tiger Beetles in 
Alkali Bee Nesting Sites’ 


Kennetu FE. Frick,? Irrigation Experiment Station, 
Prosser, Washington 


The number of alfalfa seed growers in the recently-developed 
Roza irrigation district of the lower Yakima Valley has increased 
largely because of the natural dispersion of the principal polli- 
nator, the alkali bee, Nomia melanderi Ckll. Alkali slopes having 
abundant subsurface moisture and scanty vegetation have de- 
veloped because of the irrigation practices. Such areas are ideal 
for nesting sites and the bees have spread rapidly throughout 
the Roza district in the last few years. 

Several growers who maintain nesting sites have reported that 
tiger beetle adults and larvae were attacking and feeding upon 
the bees during the nesting period from mid-June through July. 
Experiments for the control of the overwintering tiger beetle 
larvae were conducted in April and May before biological studies 
could be made. 

BroLocicaL OpservATIons.—S pecies Involved—Two species 
occurred in the nesting sites. The most abundant, Cicindela 
haemorrhagica Lec. accounted for about 82% of the total number. 
Cieindela pusilla imperfecta Lec. made up the remainder. 

Life Cycle—Tiger beetles overwinter in the larval stage in 
closed galleries in the Yakima Valley. In Mid-March the larvae 
open their galleries with the coming of the first warm weather. 
The overwintering larvae are nearly all full-grown and their 
galleries are 3 to 4 mm. in diameter. Adults of C. imperfecta 
appear first in the spring. One adult emerged in the laboratory on 
May 8 and adults were seen in the field throughout May only. 
Adults of C. haemorrhagica emerged in the laboratory as early as 
May 30. In the nesting areas, the beetles were very common 
through June, July, and August. Very few beetles were seen in 
September, 

The larval galleries were always kept open except for about 2 
days at each molt and for about 14 days during pupation and 
adult emergence. A study of the galleries of the full-grown larvae 
showed some to be about 8 inches deep. None opened into tun- 
nels or nests of the alkali bee and some tiger beetle galleries had 
several curves in them to avoid bee tunnels. In mid-May many 
galleries were closed for pupation. The beetles required about 30 
hours to become fully hardened and colored after leaving the 
pupal skin. At the end of May there were many adults and some 
very tiny larval galleries, which might be termed “pinholes.” 
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The beetles were most common in June and July. Oviposition 
was noted as early as May 17 and as late as July 16. 

During mid-summer there was an overlapping of stages, and 
larvae of all sizes were present at that time. However, most of the 
larvae were one-half grown during the height of the nesting 
season of alkali bees. By mid-August, when bee activity was 
nearly over, the tiger beetle larvae were mostly full-grown, but 
there were a few galleries of all sizes. By mid-September hardly a 
beetle could be found where earlier in the season there had been 
hundreds. 

Tiger beetles seem to have few natural enemies. Three larval 
galleries were marked that had eggs deposited in them by a small 
black bombyliid fly (not collected). The galleries were soon closed 
by blowing sand and after a few weeks no larvae could be found. 
Brewer’s blackbird and the English sparrow were common in bee 
sites where they fed upon both the alkali bee and its most com- 
mon parasite, the bombyliid, Heterostylum robustum (O.S.). No 
tiger beetle remains were observed in the crops of the birds. 

Observations on larval and Adult Feeding.—Many larvae were 
brought into the laboratory and offered sowbugs and European 
earwigs. These larvae were unable to hold full-grown sowbugs or 
earwigs. They did hold, kill, and feed upon half-grown specimens 
of each species. It is doubtful that a tiger beetle larva could sub- 
due an active, nesting bee. A bee was never observed to go to a 
smaller (3 to 4 mm. in diameter) tiger beetle gallery instead of a 
bee nest (6 to 7 mm. in diameter). Also, the soil is mounded up 
around the opening of an alkali bee nest (Bohart & Cross 1955) 
but is slightly depressed around a tiger beetle gallery because the 
larva daily cleans all loose soil and debris away from the en- 
trance. 

The beetles were seen feeding upon dead bees killed by birds. 
At various times beetles were seen to attack bees. In no case 
were the bees hindered in theiy nesting activities by the beetles. 
I was unable to find any evidence that a nesting bee was killed 
by a tiger beetle or that the beetles would wait at bee nests for 
the bees to appear. The beetles wandered over the bee sites and 
attacked any nearby moving insect. 

ControL Tests.—As stated earlier, tests to control tiger 
beetles were conducted before their importance as predators on 
the alkali bee could be determined. It is felt that the results are 
worth reporting, even though tiger beetles are considered to be of 
minor importance as predators. 

Except for one small treatment of single replicates of five gal- 
leries each, sprayed on April 30, each test consisted of three repli- 
cations of 10 galleries each. The galleries chosen for each treat- 
ment were in as small an area as possible. Sprays were applied 
with a hand operated “trombone” sprayer and the insecticides 
tested were in the emulsifiable form. From 12 to 15 ml. of solution 
were used to wet the soil in a circular area about 6 inches in 
diameter around each hole. 

After 24 hours all galleries were closed and then examined 48 
hours after spraying. If the galleries were not opened by the 
larvae they were considered dead. Those that were open were 
again closed and counts were made 5 days after application. 
Digging out representative samples of the larvae from each treat- 
ment showed that closed galleries were due primarily to molting 
and pupation in the check blocks and to death in the sprayed 
plots. In the treated plots from four to eight larvae out of 10 
frequently were found half out of the galleries and dead or dying 
after 24 hours. Closing the galleries may have increased mortali- 
ties by fumigation, particularly in the case of parathion. How- 
ever, under natural conditions the galleries are closed by rain 
and by sand drifting with the frequent winds. Further evidence 
of mortality in the sprayed plots was the lack of a freshly cleaned 
gallery entrance. When a gallery was closed that had not been 


1 Scientific Paper No. 1584, Washington Agricultural Experiment Stations, 
Pullman, Project No. 860. Accepted for publication March 15, 1957. 

2 I am indebted to Mont A. Cazier, American Museum of Natural History, 
for the identification of the tiger beetles, to Stanley G. Cole for help on all 
phases of this study, and to H. S. Telford and R. H. Harwood for reviewing the 
manuscript. 
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Table at teen of tiger beetle larvae killed when 
the soil surface around the galleries was sprayed with various 
emulsifiable insecticides, Prosser, Washington, 1956. 


No. or Days FoLLow1nG APPLICATION 


Two Tests 

May 9-21, 

60 Galleries 
per Treatment 


Three Tests 
Apr. 30-May 9, 
65 Galleries 
per Treatment 


Pounps 
ACTUAL 
PER 100 

GAL. 2 5 


MATERIAL 


Parathion 
Heptachlor 
Aldrin 
Malathion 
Check 
Parathion 
Heptachlor 
Aldrin 
Malathion 
Check 


® Adjusted according to Abbott's formula. 


cleaned by the larva during the 24 hours following spraying, that 
gallery was not found open again. 

The results are given in table 1. Parathion at 0.25 Ib. actual 
per 100 gallons and heptachlor at 0.5 actual per 100 gallons gave 
complete control. Aldrin was slightly inferior, while malathion 
gave no control at 0.625 lb. actual and 44% kill at 1.25 lb. The 
degree of larval control was unaffected by temperature or rain- 
fall. Maximum temperatures varied from 55° F. to 92° F. After 
one application a 0.43 inch rain. fell; otherwise, sunshine pre- 
vailed. Although the adults were scarce at the time that the 
tests were conducted, dead beetles were occasionally found in the 
sprayed areas. There was no evidence of toxicity from these ap- 
plications to the alkali bees during their active season from mid- 
June through July. 

Summary.—Adults and larvae of the tiger beetles, Cicindela 
haemorrhagica Lec. and C. pusilla imperfecta Lec., are considered 
of minor importance as predators on the alkali bee, Nomia me- 
landeri Ckll. The beetles were unable to subdue an active bee 
and the larvae could not hold and kill European earwigs and 
sowbugs that were more than one-half grown. Early spring 
sprays that just wet the soil surface and contained either 0.25 lb. 
actual emulsifiable parathion or 0.5 lb. actual emulsifiable hepta- 
chlor per 109 gallons killed 100% of the tiger beetle larvae. 
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Control of Onion Thrips in the Winter 
Garden Area of Texas, 1956! 


Ben H. Ricuarpson, Winter Garden Experiment Station, 
Crystal City, Texas 


During the 1955-56 onion-growing season, experiments were 
conducted at the Winter Garden Experiment Station to evaluate 
new insecticides and combinations including chlorinated hydro- 
carbons and phosphates for the control of the onion thrips. 
Thrips tabaci Lind. Another objective of the tests was to deter- 
mine whether or not the materials which were effective the previ- 
ous season would still control this insect in the Winter Garden 
area. 

Since resistance of the onion thrips to chlorinated hydrocar- 
bons had been demonstrated at both the Winter Garden and the 
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Table 1.—Control of the onion thrips with insecticides jn 
the Winter Garden area in 1956. 


— 
— 


Days Arrer APPLICA7ION 


7-89 


1 4 
Per Cent Reduction 


Pounps or ToxIcaNT PER ACRE 
IN 21 GALLONS or WATER 


Test 1 


0.5 Chlorthion 

.25 parathion? 

.25 parathion® 
1.25 malathion 

.5 methyl parathion 
.5 Diazinon 

.5 Dipterex 

.25 phosdrin 

.5 methyl demeton 
.5 Guthion 

.4 Sevin 


heptachlor 

dieldrin 

endrin 

toxaphene 

Perthane 
.38 BHC plus 0.5 DDT 
.25 parathion? plus 0.38 dieldrin 
.625 malathion plus 0.38 dieldrin 
.625 malathion plus 0.5 heptachlor 
.625 malathion plus 0.5 Perthane 


® Records for Test 1 were taken on the 7th day after application; records for 
Test 2 were taken on the 8th day after application. 

> Two pounds of actual parathion per gallon. 

© Four pounds of actual parathion per gallon. 


Lower Rio Grande Valley Experiment Stations (Richardson & 
Wene 1955, 1956), there was continued interest in the resistance 
to these materials and the possible beginning of resistance by 
the insect to the phosphates. 

ProcepuRE.—Two organic insecticide evaluation experiments 
were conducted on onions at the Winter Garden Experiment 
Station. The plots were 25 feet long and 10 rows wide. The plants 
were spaced 4 inches apart in 16-inch rows. All treatments were 
replicated four times. The sprays were applied with a 3-gallon 
garden sprayer under 20 pounds of pressure at the rate of 21 
gallons per acre. 

Records for both experiments were taken by counting the 
onion thrips on the basal 4 inches of 10 consecutive plants se- 
jected at random in each plot at intervals of 1, 4 and 7 or 8 days 
after a single application. The percentage reduction in infestation 
was based on the thrips population in the untreated check. 

Resutts.—The results of the two tests are shown in table 1. 

Test 1.—All of the materials used in the first test, except 
methyl demeton, Sevin? and Dipterex, were very effective for 7 
days after application. Those phosphates exhibiting exceptional 
control were Chlorthion, methy! parathion, parathion,’ Guthion, 
malathion and Diazinon. Although initially slow in action, 
Guthion was very effective 4 and 7 days after application. 

Test 2.—Treatments with combinations of phosphates and 
chlorinated hydrocarbons resulted in the best initial and residual 
control in the second experiment. Among these combinations, 
malathion plus dieldrin and malathion plus heptachlor proved 
most effective. Each of the chlorinated hydrocarbons, when ap- 
plied alone, gave very poor control the fourth day ofter applica- 
tion. 


1 Accepted for publication April 2, 1957. 

2 Also known as Carbon and Carbide 7744 or N-methyl-1-naphthy! carba- 
mate. 

3 Both at 2 and 4 pounds of actual parathion per gallon. 
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Disc usston.—Although the phosphate materials continue to 
contro! the onion thrips without evidence of resistance, this in- 
sect still exhibits resistance to the chlorinated hydrocarbons. It 
seems to have gained some resistance to BHC plus DDT, a com- 
bination which was previously very effective. The combinations 
of parathion or malathion with chlorinated hydrocarbons were 
not as effective as parathion or malathion alone at the dosages 
used in these two tests. 

SummMarY.—Two spray experiments for the control of the 
onion thrips were conducted in the Winter Garden area in 1956. 
Very good commercial control of the onion thrips was obtained 
with most of the phosphate insecticides. Methyl! demeton and 
Sevin were the only phosphates used which were not effective 4 
and 7 days after application; but none of the chlorinated hydro- 
carbons gave satisfactory control. Combinations of malathion 
plus dieldrin and malathion plus heptachlor were effective but 
did not produce the same degree of control as malathion alone at 
the dosages used in the tests. Resistance by the onion thrips to 
the chlorinated hydrocarbons tested seems definitely established 
in the Winter Garden area. 
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Angelica Oils as Mediterranean Fruit 
Fly Lures’ 


Loren F. Sterner, Doris H. Mryasuirta, and L. D. 
Curistenson, Entomology Research Division, Agr. 
Res. Serv., U.S.D.A., Honolulu, T. H2 


Oil of angelica has been found to be an effective lure for the 
Mediterranean fruit fly (Ceratitis capitata (Wied.)). The use of 
this lure has been a vital factor in the progress made towards the 
eradication of this fruit fly from Florida, where it was rediscov- 
ered in April 1956. 

Any insect-eradication program is dependent in part on ef- 
fective survey and detection methods, and all such programs 
can be made more efficient and less costly by the use of more at- 
tractive practical lures. 

Screening tests of possible fruit fly lures have been in progress 
at the U.S. D. A. Fruit Fly Laboratory in Honolulu since 1949. 
This screening work, which has consisted of spot and quantita- 
tive-type olfactometer tests, has been intensified since the 
Mediterranean fruit fly was found in Costa Rica in March 1955. 

Among hundreds of candidate lures, including synthesized ma- 
terials related to known attractants along with essential oils and 
other compounds reported attractive to other insects, less than 
a dozen showed enough attraction for the Mediterranean fruit 
fly to justify field testing. Of these, virgin angelica seed and root 
oils from Archangelica officinalis Hoffn. were found in March 
1956 to be outstanding attractants for the males. These oils, 
which are produced chiefly in limited areas in Belgium and 
France, are commonly used by the perfume and flavor industries 
(Guenther 1946). 

Angelica root oil was reported by Ripley & Hepburn (1935) to 
be moderately attractive to the male Natal fruit fly (Pterandrus 
rosa Ksh.), but they considered it less promising than other at- 
tractants for males of that species and did not report its attrac- 
tion to the Mediterranean fruit fly. Because the seed oil was 
found to be as attractive as the root oil to this fruit fly in Hawaii 
and more readily available, most research has been with it rather 
than with the root oil. 

Field tests initiated in April in Hawaii and early in May in 
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Florida demonstrated conclusively that proper use of the angelica 
seed oil would result in catches of male flies several times as large 
as the catches of both sexes in traps containing 5% each of pro- 
tein hydrolysate and ammonium chloride in water, which during 
the previous 6 months was the outstanding attractant in the 
Hawaii tests. In Miami Shores, Florida, these two lures were 
exposed in paired traps replicated 16 times. From May 19 to 
June 16 before widespread bait-spray operations began, the 
angelica seed oil traps captured 2518 male Mediterranean fruit 
flies while those containing protein hydrolysate caught 879 of 
both sexes. In the Hawaii tests 25,500 Mediterranean fruit fly 
males were caught in 6 to 10 traps exposed for an aggregate of 37 
weeks and baited with 0.5 ml. of angelica seed oil weekly. Under 
the same conditions the protein hydrolysate-ammonium chloride 
lure caught 2600 males. 

The tests in Hawaii indicated that sexually immature males 
as young as 2 days were strongly attracted to angelica seed oil. 
Only the virgin oil was found attractive. Replicated tests dem- 
onstrated that the seed oil would be most effective under Florida 
conditions when applied to a 1} inch length of cotton dental roll 
in dry traps at the rate of 0.5 ml. per trap. To the oil was added 
3% of DDVP as a fly toxicant, and in each trap was placed a 
pinch of 5% chlordane dust to prevent removal of flies by ants. 
The dental roll was retreated once a week without replacement, 
and catches were increased as a result of accumulation of attrac- 
tant. The substitution of technical malathion for DDVP or of 
DDT for chlordane reduced the catches. Observations suggested 
the possible presence of a repellent constituent of angelica seed 
oil, since flies tended to ring themselves around fresh spots of 
lure or delay their entrance into traps after congregating on or 
near them, 

After the lure was found to be effective in dry traps in Florida, 
a plastic trap was designed (Steiner 1957) to replace the more 
costly and less convenient glass traps. 

Asa result of these tests the survey and detection methods used 
in the 1956 Mediterranean fruit fly eradication program in 
Florida were made dependent upon the angelica seed oil lure. 
More than 800 pounds were used in nearly 50,000 traps ‘in 
Florida before the end of 1956, and additional quantities were 
used in surveys undertaken in the Caribbean Islands and Gulf 
Coast and California areas subject to introduction of this insect. 
All lots purchased for use in the Florida campaign were subjected 
to bioassays in Hawaii and chemical assays at Beltsville, Mary- 
land before acceptance. In the bioassay tests, oils produced in 
1956 tended to be less attractive than oils known to have been 
produced in 1939, 1954, and 1955, which suggests that aging may 
improve attractiveness. The attractive constituents are as yet 
unknown, although tests to isolate them are being conducted in 
cooperation with chemists in the Division. 

Because of the limited production of angelica seed oil, the 1956 
production and older stocks have been exhausted. Fortunately, 
certain materials synthesized in the Division have been found to 
be fairly effective lures, and are being substituted for oil of 
angelica until fresh supplies become available. 
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Artificial Nesting Burrows for 
Osmia lignaria 


Marsnauy D. Levin, Entomology Research Division, Agr. 
Res, Serv., U.S.D.A., in cooperation with Utah 
Agricultural Experiment Station? 


Nests of Osmia lignaria Say are usually made in beetle burrows 
or in crevices in logs, stumps, and branches close to the ground. 
Since such nests are very difficult to find and collect, a technique 
was devised for providing nesting burrows which could be col- 
lected and easily opened when the Osmia adult completed her 
nest series. 

It was found that Osmia bees nested readily in 3-inch holes 
(fig. 1) drilled to a depth of 4 to 6 inches in solid lumber. How- 
ever, it was almost impossible to saw these blocks open without 
destroying the nests. Porcelain insulating tubes were accepted by 
the bees (fig. 1) and could be collected singly as soon as filled, but 
again they could not be opened without destruction of most of 
the cells and their contents. Wax-coated rubber tubing could be 
slit open with a razor to provide ready access to the cells, but few 
bees would construct nests in them. 

The first successful nesting block was similar to the trap nest 
described by Medler & Fye (1956) for studying Ancistrocerus 
wasp biology. Two-by-four lumber was sawed lengthwise, paral- 
lel to the 4-inch width, and the two halves were bolted together 
(fig. 2). Holes } inch in diameter were drilled across the grain at 
the interface between the two halves. These split two-by-fours 
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were accepted readily by the bees and could be opened easily to 
expose the nest cells and contents (fig. 3). Frequently there was a 
long interval after the first nest series was completed before 
enough holes were used to make it worthwhile to collect the 
block. Under these conditions too many of the earlier nests had 
developing larvae, whereas in our studies the unhatched egy was 
the stage being sought. 

The nesting block finally adopted combined the ease of open. 
ing the split two-by-fours with the convenience of “harvesting” 
the porcelain tubes. Round, wooden dowel-like sticks, 1} inches 
in diameter, were split lengthwise, cut into 4- to 6-inch lengths, 
and bored part way down the middle. Rubber bands held the 
split halves together, and they were dipped in hot beeswax to seal 
the unbored end of the block. These split blocks were then in- 
serted into boards containing holes, which exposed the openings 
to the artificial burrows (fig. 4). When placed in areas known to 
have good populations of nest-seeking Osmia females, they were 
readily occupied (Levin & Haydak 1953). Every other day com- 
pleted nests were collected and stored in a household refrigerator 
at 42° F. until needed. Here they could be stored up to 2 weeks 
without any ill effects on the enclosed eggs. Thus an adequate 
supply of unhatched eggs could easily be accumulated. After the 
nests are removed, the blocks could be cleaned out, sterilized, 
and rewaxed in preparation for re-use. 

1 Accepted for publication April 2, 1957. 


2 The photographs for the illustrations were made by W. P. Nye, U.S. Dept. 
of Agriculture, Logan, Utah. 


Bees! Den + Di stay! 


Fic. 2.—Split two-by-fours used for nesting by Osmia bees. 


» 
506 
4 
‘+ 
000000008 
90900000000 
| 
: 
Fic. 1.—Completed nest burrows of Osmia lignaria Say in solid lumber and in porcelain insulating tubes. 
, 
{ 


No. 5 


sily to 
e Wasa 

before 
act the 
sts had 


Was 


open- 
sting” 
inches 
ugths, 
‘ld the 
to seal 
en in- 
enings 
own to 
were 
com- 
zerator 
weeks 
equate 
ter the 
rilized, 


Dept. 


August 1957 


ScrENTIFIC NOTES 


Fig. 3.—Opened nesting blocks showing completed nests of Osmia lignaria Say. 


These split and bored dowels have proved suitable for Osmia 
lignaria and californica Cresson. Placed in the proper habitats, 
with adjustments in the size of the hole and kind of material, 
such split blocks would probably serve to attract a number of 
other species of insects occupying burrows. Since they are small 
and light, and can be readily opened for inspection, they should 


Fic. 4.—Dowel nesting blocks used for nesting by 
Osmia lignaria Say. 


prove ideal for introduction of desirable pollinators and preda- 
tors into new areas. 

Similar split blocks made of clay were inserted into holes in 
a clay bank in the hope that Osmia terana Cresson, known to be 
nesting in Anthophora burrows, would occupy them. Although 
texana did not use the blocks, a number of nests were completed 
in these clay dowels by a sphecid wasp, Chlorion (Isodontia) 
elegans Smith. 
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Insecticide Tests to Control the Hickory 
Shuckworm on Pecans’ 


W. W. NEEL, Mississippi Agricultural Experiment 
Station, State College 


During the year 1955 the hickory shuckworm, Laspeyresia 
caryana (Fitch), was responsible for heavy losses to the pecan 
crop in Mississippi in the vicinity of Yazoo City and in other 
western and northern parts of the state. In years of heavy infes- 
tations, losses occur not only from a large drop of immature nuts 
but from a reduction in quality of the nuts set. 

The chemical control of the hickory shuckworm has been tried 
on several occasions since the synthetic organic insecticides have 
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Avg 


508 


had such widespread use in recent years. Most workers have con- 
cluded that the cost involved in applying a sufficient number of 
applications of insecticide to protect the immature nuts from 
May to September is too great to justify the increase in yield. 
EPN has been the only material reported to have shown promise 
for the control of this insect. Osburn (1954) pointed out that 
three applications of EPN, made at 2-week intervals at the rate 
of 2 pounds per 100 gallons of water, was quite effective in reduc- 
ing shuckworm infestations and improving nut quality. 

Mernops AND Procepures.—Two pecan orchards in the 
Delta section of Mississippi were selected for the shuckworm 
control tests in 1956. 

The design of the test at Siller’s orchard at Beulah consisted of 
spraying with EPN at different times, a test block of mature 
Stuart pecan trees, using a 400-gallon hydraulic sprayer. Treat- 
ments were applied at intervals of 2 weeks on the following 
schedule: one application treatments, one early and one late; 
two application treatments, two early and two late; three ap- 
plication treatments, three early and three late. Demeton, at 
the rate of $ pint to 100 gallons water, was applied once on one 
plot in an effort to control mites and aphids and to serve as a 
check in addition to the untreated check. The treatments were 
begun July 25 and were terminated September 5. The wettable 
powder 25% material was applied at the rate of 2 pounds per 
100 gallons of water. Approximately 35 gallons of finished spray 
was applied to each tree. There was a total of six random trees 
for each treatment to give replication. 

A second test near Indianola consisted of treating a test block 
of mature seedling type and Stuart pecan trees with Phosdrin 
(Shell 2046) at the rate of 300 cc. per 100 gallons water. A John 
Bean Roto-Mist sprayer applied approximately 2 gallons of the 
finished material to each tree. A schedule followed so that three 
plots of six subsample trees each received bi-weekly treatments 
of one, two or three applications. Spraying was begun on August 
10 and terminated on September 7. 

Resvutts aNp Discussion.—Beulah Test.—No early season 
shuckworm infestation at the Sillers orchard developed. An 
examination of a very light nut drop during July and August re- 
vealed very few larvae. 

The examination of 50 nuts from each tree for the detection of 
shuckworm presence was made during the latter part of Sep- 
tember and the results are given in table 1. The average infesta- 
tion on the untreated trees was found to be light, with only 26% 
of the shucks infested. The two late and the three late spray 
schedules resulted in reducing infestation to 4.3% and 6.1%, re- 
spectively. 

In October, samples were taken to determine the nuts per 
pound from all the tests trees. No correlation between low shuck- 
worm counts and increased nut weight occurred. The untreated 
trees produced an average of 51.7 nuts per pound, whereas the 
poorest yield came from the trees sprayed once late in the season. 


Table 1.—Results of hickory shuckworm control tests at 
Beulah, Miss., 1956. 
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This latter group of trees produced an average of 58.5 nuts per 
pound. 

The sampling of kernel weights of all the nuts showed that the 
percent kernel weight of the nuts from the trees treated three 
times late in the season was slightly superior to the other treat- 
ments, but it was not significantly better than any of the 
other treatments. The percent kernel weight of the untreated 
nuts, although not significantly different from any of the others, 
was slightly less than those that were treated. 

A chemical analysis of the oil content of the nuts from the best 
treatments and from the untreated trees was made and no sig- 
nificant difference in oil content was found. 

InpIANOLA Test.—A very light shuckworm infestation was 
found to develop at the Indianola test orchard. Since the infesta- 
tion on the untreated trees proved to be lighter than on the ones 
at Beulah, less emphasis can be placed on the importance of this 
test. 

The examination in October of shuck samples from the trees at 
Indianola revealed the following shuckworm infestation: Phos- 
drin applied September 7, 20%; September 7 and August 24, 
5.2%; and September 7, August 24 and August 7, 6%; demeton 
applied August 10, 7%; and the untreated control had 11.3%. 

Because the infestation was very light, the pursuit of further 
information such as, kernel weight and nuts per pound was not 
considered justifiable. 

SumMMARY AND Conc.usions.—Test plots of pecan trees in the 
vicinity of Beulah and Indianola, Miss., were sprayed with EPN 
and demeton, and Phosdrin and demeton, respectively during 
the summer of 1956 in an effort to control the hickory shuck- 
worm. The shuckworm infestation at both localities during the 
course of this investigation was both light and very variable. In 
view of these circumstances, the results of these tests are incon- 
clusive but certain trends occurred. The use of two or three ap- 
plications of EPN at the rate of 2 pounds per 100 gallons of wa- 
ter appeared to reduce the shuckworm appreciably when its pres- 
ence was noted late in the season. The use of demeton for shuck- 
worm control did not appear worthwhile. The recommendation 
of Phosdrin for shuckworm control appears questionable and 
should await the outcome of further field tests. 
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Low-Cost Plastic Fruit Fly Trap’ 


Loren F. Sterner, Entomology Research Division, Agr. 
Res. Serv., U.S.D.A., Honolulu, T. H. 


For many years a bell-shaped invaginated glass trap has been 
the standard bait container in fruit fly trapping research in 
Hawaii, Mexico, and elsewhere. The bait has generally been a 
liquid and of a type that attracts many other kinds of insects 
along with fruit flies. When methyl eugenol was employed in traps 
for the oriental fruit fly (Dacus dorsalis Hendel), so-called dry 
traps became possible, for that attractant can be effectively ex- 
posed on an absorbent material as well as in a liquid. 

Soon after the discovery of the Mediterranean fruit fly (Cera- 
titis capitata (Wied.)) in Florida in April 1956, tests there with 
angelica seed oil demonstrated that this lure could be used in 
traps more effectively when impregnated on cotton than when 
it is dispersed in an emulsion (Steiner et al. 1957). Such use 
created an urgent need for a lighter weight, more easily hand 
trap, which could be obtained more readily and serviced more 
efficiently than the standard glass traps. Preliminary tests were 
made with plastic traps of various designs. Several of these traps 
had one or two lateral openings, and one was shaped like the 
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ScrENTIFIC NOTES 


Fig. 1.—Plastic fruit fly trap equipped with wicks of different lengths to illustrate methods of mounting. The 14-inch wick in the 
lower center position is used for angelica seed oil, 3-inch wick in the form of a loop is in the upper center position, and a 6-inch wick 
is mounted inside the trap cover. 


standard glass trap with the opening underneath. 

The male Mediterranean fruit fly does not always go directly 
to the angelica seed oil lure when it reaches the trap. It often 
stops for some time on the outside or in the entrance. The addi- 
tion of the quick-acting poison DDVP to the lure, 2 to 3% by 
volume, prevents escape of most flies once inside the trap and 
kills some before they enter. For this reason traps with lateral 
openings appeared less likely to permit the loss of flies affected 
by the poison while they pause in the entrance. 

The most promising trap was soon found to be a cylindrical 
type that had openings at opposite ends and was suspended in a 
horizontal position. In a 10-day comparison such traps caught 
4% more flies than plastic traps of approximately the same size 
and shape as the bell-shaped glass trap. The 10 pairs of traps used 
for this test caught 1,147 Mediterranean fruit flies. The lure was 
impregnated on a section of cotton dental roll suspended halfway 
hetween the openings in the cylindrical trap and between the in- 
side lip and trap wall in the bell-shaped trap. 

The new trap (fig. 1) was constructed out of a polystyrene re- 
irigerator jar? 5} inches long and 3} to 44 inches in diameter. The 
lid contains a gasket seal. A cylindrical jar would have been 
preferable but was unavailable. Polystyrene tubing } inch thick 
and 1} inches inside diameter was cut to l-inch lengths at a 
sufficient angle to give a } inch offset from the central axis when 
cemented against the inside wall of the cover and base so as to 
encircle a 1} inch opening cut in each. A small eyebolt for hanging 
the trap was inserted at the point of balance on one side and 
positioned so that the trap inlets would slope upward toward it. 
In rainy areas 1/16 inch holes (made with a hot punch) were 
ueeded at each end of the lower portion of the trap to drain off 
aly water that entered. When angelica seed oil was to be used as 
the lure, a stiff wire bent at one end into a two-loop coil of } inch 
diameter was attached to the lower lip of the tubing extending in 
from the lid. The wire was attached by heating the end and fore- 
ing it into the plastic. A 1} inch length of cotton dental roll was 


pinched between the loops on the wire and so positioned that it 
would be held at right angles to the long axis of the trap and 
equidistant from the two openings. Angelica seed oil containing 
DDVP was impregnated in the cotton. 

The plastic trap has also proved highly effective for catching 
the oriental fruit fly and the melon fly (Dacus cucurbitae Coq.) 
when baited with appropriate lures. Research now under way 
indicates that it may be made effective for catching two or more 
species at the same time. In these tests other wire supports are 
used to hold longer or additional cotton wicks impregnated with 
the best chemical lure for each species. Methods of mounting 
larger cotton rolls are illustrated in figure 1. 

Dry traps require some toxicant that will prevent ant depreda- 
tions. A pinch of 5% chlordane dust placed in the bottom of such 
traps at weekly intervals has controlled ants and given better 
catches of flies than where DDT was used. Granulated dieldrin or 
malathion wettable powder may be substituted for chlordane, 
but these toxicants are more harmful to the polystyrene plastic. 
More than 60,000 of the plastic traps have been procured for 
use in the Mediterranean fruit fly eradication program now under 
way in Florida, and additional quantities have been used in 
other areas in and outside the United States. Their use has re- 
sulted in a saving of more than $80,000 in the cost of the plastic 
as compared with glass traps, along with large savings in man- 
power because of greater ease of handling and accessibility to the 
trap interior due to the use of the screw-on cap. 
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2 Model C-50 Freez-R Jar from Tri-State Molding Co., Henderson, Ky. 
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Granulated Insecticides for European 
Corn Borer Control’ 


Grorce E. and M. Curtis Wizson, Purdue 
University Agricultural Experiment Station 
Lafayette, Indiana 


Populations of the European corn borer (Pyrausta nubilalis 
(Hbn.)) in Indiana have seldom been high enough to justify ex- 
penditures for control of over a few dollars an acre. In some sea- 
sons and in some localities borers have been numerous enough to 
cause moderate losses, but the recognition of a potentially in- 
jurious population is difficult for the farmer. As a consequence 
many fields have been treated where the borer reductions did not 
justify the expenditure. The decision of the farmer to treat or 
not to treat depends upon several factors, including the borer 
population, the value of the crop, the effectiveness and cost of 
the treatment, and the ease of application. In order to answer 
some of these questions, tests were conducted in 1956 on sweet 
and field corn with granulated insecticides and a new method of 
application. In addition several tests were made in cooperation 
with farmers. 

Tests oN Sweet Corn.—Sweet corn of the variety Golden 
Cross Bantam was planted early, May 10, to attract the maxi- 
mum egg deposition of the female moths. Counts of egg masses 
on this corn were made at frequent intervals and showed in June 
that more eggs were deposited on it than on nearby field corn of 
comparable age and height. On June 15 the count was 135 egg 
masses per 100 plants and 3 days later with a plant height of 31 
inches (extended leaves) was 282. For borer control on sweet 
corn three or four applications of a DDT spray are normally 
recommended, but in this test only two applications of spray and 
one of granules were made. Sprays were applied with a high 
clearance sprayer, which had three nozzles per row and applied 
20 gallons per acre at 40 pounds pressure. Granulated materials 
were applied with a high clearance applicator, which had a single 
outlet about a foot over the top of the plants and spread granules 
in a band of about 9 inches. 

Sprays on sweet corn were applied on June 21 and 25, while 
granules were applied on the latter date only. The feed adjust- 
ment for granules was set to deliver about 20 pounds of material 
per acre. Subsequent examinations of the plants indicated a 
noticable deposit in the whorl and at the base of the upper leaves. 
The lodged granules adhered well and traces of them were still 
present 3 weeks later. Rainfall during this period included 0.71 
inch on June 27 and a total of 1.03 inches on July 3, 4 and 5. 
The materials used and the rates of application are shown in 
tables 1 and 2. 

The effectiveness of the various treatments was determined by 
the borer population found on dissection of 10 plants in each 
replication on both July 10 and 18. The number of borers per 100 
plants and the percentage of infested plants is given in table 1. 
On the first date the majority of the larvae were small with 56% 
in the third instar and 10% in the fifth, while on July 18, 40% 
were in the third, 36% in the fourth and 22% in the fifth. The 
DDT spray gave a significant reduction in numbers of borers and 


Table 1.—Number of European corn borer larvae and in- 
fested plants found July 10 and 18 on sweet corn plots treated 
with various insecticides, 1956. 
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Table 2.—Number of European corn borer larvae found? 
14 and 21 days after treatment of field corn with various jp: 


_secticides, and the yields from these plots at harvest, 1956, 
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DDT spray 
DDT granules 
Endrin granules 
Dieldrin granules 
Heptachlor granules 
Aldrin granules 
Toxaphene spray 
Endrin spray 
Untreated 
L.S.D. at 5% level 
at 1% level 
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infested plants over the other treatments and the untreated, 
while all treatments were significantly better than the untreated, 

On July 31 the sweet corn was harvested and both corn borer 
and earworm larvae and/or damage was common in the ears 
Ears from the untreated plots had a 25% borer infestation con- 
pared with a 2 to 8% infestation in the various treated plots, 
The earworm population was not influenced by the borer treat. 
ments, as 40 to 50% of the ears were infested, regardless of the 
treatment applied. 

Tests on Fretp Corn.—A commercial field of corn planted 
May 11 had a high egg mass count in mid-June and so was s- 
lected for trials of granulated insecticide formulations. The egg 
mass count was 350 per 100 plants on June 25 when 94% of the 
plants showed shot-hole feeding injury. Four-row plots 160 rods 
long were laid out in a randomized arrangement and were treated 
June 25 with the same sprayer and granule applicator used on 
the sweet corn. Coverage was again excellent and _ traces of 
granules were found several weeks after application. 

The efficiency of the various treatments on field corn was de- 
termined by the borer population found on dissection on thre 
dates: 7, 14 and 21 days after application. The results are given 
in table 2 and show that all treatments were significantly better 
than the untreated. Due to an error in calculation, the endrin 
spray was applied at only half the desired rate and consequently 
results were poorer than with endrin granules. A toxaphene spray 
at the rate of 2 pounds of toxicant per acre was also disappoint- 
ing, although the number of borers was significantly below that 
of the untreated. 

Egg laying for the second generation was scattered throughout 
August and into September and as a consequence damage from 
the late larvae was negligible. On October 11 ten plants in each 
plot were dissected and the count showed an average population 
of 124 larvae per 100 plants. No differences in the fall population 
were found among the plots treated for first brood borer control. 
However, there was a significant correlation of 0.856 for 7 degrees 
of freedom between the number of first brood larvae and the 
yield of corn. This correlation indicated that for each borer pres- 
ent, the yield was reduced 4.9 bushels per acre. 

The granule applicator was used on the farms of two coopera- 
tors with good success. On the Conder farm granulated DDT was 
applied June 28 and on dissection July 10 the borer count per 1 
plants was 150 as compared with 455 in the adjacent untreated 
rows. Five granulated materials were applied June 26 on the 
Kirkhoff farm and on June 9 the untreated rows had 250 borers, 
while DDT and dieldrin reduced the population by 86%, aldrin 
by 80% and heptachlor and endrin by 68%. 

A gradual reduction of the first generation larval population as 
the season progressed was unusually pronounced in 1956. In 
field corn the borer population on the untreated rows was 385 
per 100 plants on July 2, 252 on July 9, 85 on July 16 and 27 on 
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July 23. At Kirkhoff’s the population was 250 on July 9, 85 on 
July 17 and 50 on July 24. On sweet corn the count was 292 on 
July 10, 185 on July 18, 110 on July 24 and 100 on July 31. This 
reduction was not due to the normal growth and emergence of 
the borer, as records were kept on empty pupal skins. 

Summiry.—One application of granulated formulations of 
gyeral insecticides gave excellent control of first generation 
European. corn borer larvae in field corn and fair control in 
aweet corn. On sweet corn endrin and dieldrin granulated for- 
mulations were better than DDT or heptachlor, but were not as 
good as two applications of DDT spray. On field corn dosages per 
jere of 0.2 pounds of endrin, 0.5 pound heptachlor, 0.4 pound 
dieldrin and 1 pound aldrin were as good as 1 pound of DDT ap- 
plied as a spray. None of the treatments had any influence on the 
vcond brood populations. There was a highly significant correla- 
tion between first brood borer populations and yield. 


The Effects of Alfalfa Dehydration upon 
Residues of Malathion' 


LaLuaNn Rat, C. C. BurKHarpT and C. C. Roan, 
Department of Entomology, Kansas State College, 
Manhattan? 


The effect of alfalfa dehydration upon residues of aldrin, 
chlordane, parathion, and toxaphene was reported by Stansbury 
(1951) and Dahm (1953). At the present time, malathion is 
recommended for controlling the spotted alfalfa aphid, pea aphid, 
potato leafhopper, certain mites, alfalfa weevil larvae, meadow- 
wittlebug, vetch bruchid, and grasshoppers. Information con- 
cerning the effect of the dehydration process on malathion resi- 
dues in alfalfa is very limited. The preliminary investigations 
reported here were designed to learn what might happen to ma- 
lathion during the dehydration processes. 

Mater1ALs AND Metuops.—A 57% emulsifiable formulation 
of malathion, containing 5 pounds of malathion per gallon was 
used as a water emulsion at the rate of 15 ounces of actual ma- 
lathion to an acre. This is a commonly recommended dosage rate 
for some of the major alfalfa insects. The insecticide was applied 
with a Jeep-mounted boom type sprayer, manufactured by the 
Port Huron Manufacturing Company, Lincoln, Nebraska, oper- 
ated at 43 m.p.h. and 30 p. s. i. The sprayer was calibrated under 
these operational conditions and delivered 13 gallons to an acre. 
The malathion was applied on a 5-foot swath near the center of 
an 80-acre field of alfalfa, 12 to 14 inches high. A Fox-type al- 
falfa field cutter was employed to harvest the crop immediately 
after the spraying. A full truck load of sprayed alfalfa (about 4 or 
Jtons) was cut and hauled to the dehydration plant immediately 
after the harvest. Four samples were collected: chopped-green; 
chopped-dehydrated; meal; and pellets. The chopped-green 
sample, about 25 pounds, was picked from the conveyor belt of 
the automatic feeder from five different places. The chopped-de- 
iydrated sample, about 20 pounds, was collected by opening the 
line before the dehydrated samples enter the hammer mill. The 
neal sample, about 10 pounds, was collected after the dehy- 
drated material left the hammermill and was ready to enter the 
pellet making machine. The pellet sample, about 10 pounds, was 
laken immediately after it left the machine on its way to the 
cooling chamber. 

Four similar samples were taken at similar times from un- 
prayed alfalfa from the same field as it went through the plant, 
prior to the introduction of the treated truck-load of alfalfa. It 
takes only 20 to 25 minutes for one load to be processed. A suffi- 
cent time interval, 30 minutes, was allowed between the un- 
treated and treated sampling times in all steps to make certain 
that a representative sample was obtained. All the samples were 
‘tored in moisture-proof icebags. 

The samples were brought into the laboratory and extraction 
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Table 1.—Recovery of malathion by fortification from vari- 
ous samples of untreated alfalfa.* 


AVERAGE 
Per CENT 
RECOVERY 


NUMBER OF 
REPLICATIONS 


Chopped and green 
Chopped and dehydrated 
Meal 

Pellets 


® Recovery experiments were conducted on the untreated alfalfa from the 
same field before the application of malathion. In all cases 600 ug of malathion 
was added to all the samples (250 grams of green and 87.5 grams dehydrated, 
meal and pellets). 


and analyses were started the same day as the treatment and 
sample collection. 

A combination of the colorimetric methods for the determina- 
tion of malathion residues of fruits and vegetables, and mala- 
thion in milled wheat products, described by American Cyanamid 
Company (1955), was employed. 

Four random sub-samples, 250 grams of green and 87.5 grams 
of dehydrated samples including chopped-dehydrated, meal, and 
pellets were collected from the field-collected samples. Only two 
sub-samples from each untreated alfalfa sample were taken for 
background color tests. All subsamples were extracted with 500 
ml. of reagent grade carbon tetrachloride in gallon jars with 
aluminum foil lined, tight fitting caps. These samples were sub- 
jected to end-over-end agitation at a rate of 40 r. p. m. for 3 
hours. The carbon tetrachloride extract was filtered through a 
Buchner funnel with Whatman No. 1 filter paper. Only 350 ml. 
(or 300 ml. in few cases) aliquots of carbon tetrachloride extract 
were employed for actual colorimetric determinations of mala- 
thion. These aliquots were concentrated to approximately 40 ml. 
by heat aided by a gentle flow of air across the surface of the 
solution. In the meal and pellet samples, weak emulsions were 
formed but they were broken by allowing the samples to stand for 
a short time. Final colors were developed in 25 ml. carbon tetra- 
chloride and read immediately at 420 my. on a Coleman Uni- 
versal Model 14 spectrophotometer in 4-cm. cells. 

Resutts anp Discussion.—The percentage of recovery of 
malathion from various fortified samples of untreated alfalfa 
from the same field are presented in table 1. Figures given are 
the averages of three to six analyses. There was no difficulty in 
obtaining high: recoveries except in meal and pellet samples 
where some emulsions were formed during the analysis. This 
emulsion was unstable and by leaving the contents of separatory 
funnels stand for about 15 to 20 minutes, the emulsion could be 
broken. 

Residues of malathion on various samples of alfalfa after de- 
hydration are shown in table 2. In the chopped-green samples, 22 
p. p. m. of malathion was found on a wet weight basis; all other 
figures are expressed on a dry weight basis. During the dehydra- 
tion process 65% moisture was removed from the chopped- 
green samples. The residue on the chopped-green samples was, 
therefore, corrected to dry weight basis (62 p.p. m.), to make it 
directly comparable with the residues on the other samples. The 
losses were about 69, 56, and 68% of the malathion residue in 
chopped-dehydrated, meal, and pellets, respectively. Such re- 
sults could be expected since the malathion residues are exposed 
to 1800° F. for 2 to 3 minutes during the dehydration process. 


1 Contribution No. 674, Department of Entomology, Kansas Agricultural Ex- 
periment Station, Manhattan. This work has been supported in part by funds 
from the NC-33 Technical Committee on Pesticide Residues on or in Food, Feed 
and Forage Crops (Their Magnitude, Character, and Persistence). Accepted 
for publication May 3, 1957. 

2 The authors wish to thank Mr. Jim Ryan, Manager of Manhattan Plant 
of CK Dehydrating Association for providing the field and plant facilities, and 
to Mr. Glen Vail, Riley county Weed Supervisor for his help in spraying the 
crop. 
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Table 2.—Malathion residues on various samples on al- 
falfa before and after dehydration.* 


Per CENT 
Loss or 
MALATHION 
BY Deny- 
DRATION® 


AVERAGE 
ReEsIDUES 
(P.P.M.) 


MALATHION 
REsIDUES 
(P.P.M.) 


Chopped 20 
green 23 b 
21 62 
23 


Chopped 19 
dehydrated 17 
21 

20 


Meal 


Pellets 


“Four samples of chopped-green, chopped-dehydrated, meal, and pellets 
from the untreated alfalfa were run to check for “background” color. The opti- 
cal densities for these samples varied between 0.04 to 0.09 which fall within 
the nonsensitive range of the instrument. 

» In the case of chopped-green sample the 62 p.p.m. figure is derived from 22 
p.p.m., calculated as follows: 

wt. of wet alfalfa analyzed 


Eg. wt. of dehydrated alfalfa wet weight basis 


All the remaining figures are based on the dry weight basis after the samples 
were dehydrated. 

© Percentage of malathion lost by dehydration was calculated by the following 
method: 


(corrected p.p.m. on sample before dehydration) — 
(p.p.m. on sample concerned) 


corrected p.p.m. on sample before dehydration 


Per cent loss = 100 X 


The malathion residues on chopped-dehy drated (19 p. p. m.) and 
finished pellet product (20 p. p. m.) were approximately equal. 
The relatively high level of malathion (27 p. p. m.) on meal 
might be due to a sampling error since the sample was pulled out 
by opening a plate on the side of the main feed pipe running be- 
tween the hammer mill and the pellet making machine. The meal 
was moving forward into the pellet machine at a high velocity. 
It consisted of particle sizes varying from very fine powder to 
heavier solid pieces of hard stems. Malathion residues were pri- 
marily concentrated on the leaves and relatively little on the 
stems. When the side plate was opened for sampling, a greater 
proportion of the fine powdery constituents was collected. 

Summary.—A single experiment was conducted to investigate 
the effect of alfalfa dehydration upon the residues of malathion 
on 1 acre of alfalfa 12 to 14 inches in height. The plot was sprayed 
with 57% emulsifiable liquid of malathion at the rate of 15 
ounces of actual malathion an acre. The sprayed alfalfa was cut 
with an alfalfa field cutter immediately after spraying and 
hauled to the dehydration plant. Four samples, chopped-green, 
chopped-dehydrated, meal, and pellets were collected and an- 
alyzed colorimetrically at 420 my on a Coleman Universal 
Spectrophotometer, Model 14 for malathion residues. Untreated 
alfalfa from the same field was analyzed to compensate for the 
background color interferences, 

During the dehydration processes about 69% of malathion 
residues disappeared. A slightly higher level of malathion residue 
which was attributed to non-homogeneous sampling was found 
on the meal sample. 
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A Rearing Trap for Producing Pomace 
Flies for Bioassay of Insecticides' 


Rosert F. Harwoop and SutHarM AREEKUL? 


In using animals for assaying pesticides, it is generally ad. 
vantageous to have specimens of similar age to minimize varia. 
tions in susceptibility. The usual method of obtaining adults of 
Drosophila melanogaster Meig. is to rear them in wide-mouthed 
bottles and tap the adults produced into a large collecting bottle, 
A further refinement consists of darkening the rearing bottle, and 
placing the collecting container next to a light. If adults of simi- 
lar age are desired, they can be obtained by collecting daily at 
the same time, thereby getting adults that have emerged within 
the past 24 hours. In the transfer, variable numbers often escape, 
Furthermore, if a program is underway which calls for a large 
number of aged animals daily, it becomes laborious to collect the 
adults from the many small containers required to rear them. A 
rearing trap described herein makes it possible to obtain large 
numbers of adult D. melanogaster that have emerged within any 
given period. 

The trap described has proven successful but no doubt can be 
modified according to the needs of the user without seriously af- 
fecting its efficiency. Advantage is taken of the fact that adult 
Drosophila tend to move upwards and towards light (negative 
geotaxis, positive phototaxis). By so doing, they can be guided 
towards a trap chamber. 

The trap is constructed so that flies emerge in the dark and 
move toward the trap cage which is in the light (see figure). 
Flies are reared in 1-gallon mayonnaise jars (f), which are en- 
closed in a dark chamber that can be opened for easy access. The 
lids of the jars are bolted to the top of the dark chamber, and 
possess a 40-mesh screen cone (e). Each cone leads into a length 
of clear plastic tubing (d). Each tube connects into a glass cham- 
ber (c) which, in this instance, is a modified Erlenmeyer flask. 
The trap cage is constructed from a 2-pound coffee can, which 
has screen sides (b). A hole in the base of the trap cage allows it 
to rest on a base on the neck of the glass chamber. It can be r- 
placed easily by an empty trap cage. A hole in the lid is used to 
insert a plug of cheesecloth (a) soaked with 5% sucrose solution 
for feeding adult flies. The apparatus can be disassembled readily 
and cleaned when desired. 

In operation, the adults in the trap cage are removed at the 
same time daily, thus ensuring that those emerging within the 
past 24 hours will be used. To provide a continuous supply of 
flies, canned pumpkin is placed to the depth of about } inch ina 
clean jar, and sufficient water is mixed in to form a rather moist 


1 Scientific Paper No. 1609. Washington Agricultural Experiment Stations. 
Work conducted under Project No. 1382. Accepted for publication April 3, 
1957. 

2 Robert F. Harwood is an Assistant Entomologist, and Sutharm Areekul\ 
Graduate Assistant, State College of Washington, Pullman. 
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Fig. 1.—Details of rearing trap. 


medium. A few granules of dried live yeast are sprinkled on top, 
and a paper towel is put in the jar as a pupation site. The jar is 
then inoculated with about 400 flies. After about 7 days, the 
adult flies are removed from the rearing jars. When the first new 
adults are ready to emerge (about 15 days after inoculation) the 
jar is ready to be placed in the rearing trap. After daily removal 
of the test flies, the oldest culture in the rearing trap is replaced 
by the oldest culture in the series of jars containing pupae. 

Using eight jars in the rearing trap, with the oldest culture re- 
placed daily, produced about 3000 adults of both sexes per day 
for testing. Results obtained in testing insecticide residues indi- 
cated that a homogeneous population was produced, with little 
variation in their susceptibility. 

Table 1 shows the numbers of male and female adult wild 
strain D. melanogaster collected in the rearing jars following a 24- 
hour emergence period. Using enlarged ovaries as a criterion of 
age, and assuming that both sexes are present in essentially 
equal numbers, it appeared that between 1 and 2% of the adults 
remaining and trapped within each 24-hour period had emerged 
more than 24 hours previously. At least this much error is likely 
in manually removing adults daily. The rearing trap method is 
probably less variable than manual removal, and permits pro- 
duction of large numbers of test flies with a minimum of effort 


Table 1.—Age and sex of Drosophila adults produced in a 
24-hour period. 


Per CENT 
FemMaLes EMERGED 
WITH LONGER 
ENLARGED ‘THAN 
Femates Ovaries 24 Hours 


SouRCE OF 


Remaining in 5 j jars 262 295 4 
Remainingin5jars 333 359 4 
Intrap cage 442 464 10 
In trap cage 436 420 6 


Comparative Laboratory Tests with 
Emulsion and Wettable-Powder 
Residues against the 
Indian-Meal Moth‘ 

Ben H. Kantack and Hamiuton Laupant,? Stored- 
Product Insects Section, Agr. Mktg. Serv., U.S.D.A. 


The Indian-meal moth, Plodia interpunctella (Hbn.), a com- 
mon pest of stored grains, nuts, and a wide variety of foodstuffs, 
was more troublesome than usual during 1955 and 1956. The 
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Table 1.—Mortality of Indian-meal moth adults exposed for 
4 hours to 2-day-old residues of pyrethrum synergized with 
piperonyl butoxide, malathion, and methoxychlor applied as 
wettable powders (WP) and water emulsions (Emul.) to 
kraft paper laminated to aluminum foil. 


Post-Exposure Morta.ity (Per Cent) 
24 Hr. 
Emul. 


Rate oF 
ApPLica- 0 Hr. 
TION (Ma./ 
INSECTICIDE Seq. Fr.) WP Emul. WP 


Pyrethrum +piperony] 

butoxide 10+100 97 
Malathion 50 33 100 
Methoxychlor 200 0 84 
Untreated check — 0 0 


prevention and control measures frequently used against this in- 
sect have been to treat the surface of the commodity and the 
space above with pyrethrum oil or emulsion sprays. The aim of 
this practice has been to kill the insects exposed at the time of 
treatment and to deposit a residue that would control those in- 
sects emerging between treatments. The persistence of several 
known infestations treated by the above method led to labora- 
tory tests on the evaluation of the residual toxicity of pyrethrum 
synergized with piperonyl butoxide and of malathion and meth- 
oxychlor to the larvae and adults of the Indian-meal moth. 
These insecticides were tested at different levels, alone and in 
combination with each other, as emulsion and wettable-powder 
formulations as listed in table 2. 

MateErIALs AND Metuops.—Fifteen-pound kraft paper lam- 
inated to aluminum foil was used as the test surface. This surface 
was selected because it most nearly matched the chemical and 
absorbtive characteristics of grain and other commodities in- 
fested by the Indian-meal moth. The aluminum-foil backing 
prevented any migration of the insecticide beyond the thin sheet 
of laminated kraft paper. 

The insecticide was applied in a closed cylindrical settling 
tower, 2 feet in diameter and 6 feet high. Preliminary tests 
showed that 75% insecticide fallout was obtained in these towers 
in $ hour. The water emulsion formulations were applied at the 
rate of 4 ml. of formulation per tower with an air atomizing 
nozzle (Spraying System Co. } J 2850-70) utilizing 10 p. s. i. air 
pressure. The wettable-powder formulations were applied at the 
rate of 12 ml. with a De Vilbiss AG 14728 sprayer utilizing 30 
p. Ss. i. air pressure. The calculated deposits per square foot on the 
paper are given in table 2. After the treated papers were dry, 
they were cut exactly the correct size for completely lining 
cylindrical 1-pint paper cartons. 

Newly emerged adults and last-instar larvae were exposed in- 
side the lined cartons for 4 hours and then removed and placed 
in clean containers for observation. Mortality was recorded 24 
hours after exposure. All tests were conducted in quadruplicate 
and under constant temperature and humidity conditions of 
80°+2° F. and 60% +5%, respectively. 

Two series of tests were conducted, the first using both larvae 
and adults after the treatment had aged 2 days, and the second 
using larvae after the treatment had aged 28 days. 

Resvtts.—As shown in table 1, the adults were rather sus- 
ceptible to residues of pyrethrum synergized with piperonyl 
butoxide, malathion, and methoxychlor. However, the larvae 
(table 2) were found to be considerably more resistant. Mala- 
thion at 100 and 200 mg. per square foot killed more larvae than 
methoxychlor at 400 mg. or pyrethrum plus piperonyl butoxide 
at 10 and 100 mg., respectively. There appeared to be no ad- 
vantage in combining malathion with methoxychlor or with 
synergized pyrethrum because the mortalities obtained with the 
combinations were not significantly higher than those obtained 
with malathion alone. The methoyxchlor-synergized pyrethrum 
combination produced a higher mortality than either of the ma- 


1 Accepted for publication May 2, 1957. 
2 Mims Oglesby, Jr., assisted in the laboratory phases of the work described. 
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Table 2.—Mortality of Indian-meal moth larvae after a 4- 
hour exposure to residues of pyrethrum synergized with 
piperonyl butoxide, malathion, and methoxychlor applied as 
wettable powders (WP) and water emulsions (Emul.) to 
kraft paper laminated to aluminum foil; data recorded 24 
hours after exposure. 


Per Cent Mortauity 
Ace or Resipvue 
Rate oF 
Appuica- 
TION (Ma./ 
Se. Fr.) 


Malathion 200 30 100 
100 36 100 
50 : 2 — 


2 Days 28 Days 


WP Emul. WP 


INSECTICIDE 


Methoxychlor 400 . 10 77 
200 0 — 


10+100 é 12 72 


Pyrethrum +piperony! 
5+50 | 27 


butoxide 
Malathion+methoxychlor 100+200 92 
Malathion+pyrethrum 

+piperony!] butoxide 100+5+50 3! 80 
Methoxychlor +pyrethrum 

+piperony! butoxide 200+5+4+50 82 


Untreated check - 15 


terials alone, but this may have been due to the accumulative 
effect of the two insecticides. The results obtained after the treat- 
ments had aged 28 days were as good as those of the initial tests. 

The most significant finding in these tests was the tremendous 
difference in the results obtained between the wettable powder 
and the emulsion formulations. The wettable-powder residues in 
every case produced quicker action (table 1) and strikingly 
higher mortalities with both adults and larvae (tables 1 and 2). 
The greater toxicity of the wettable powders persisted even after 
the treated papers had aged 28 days. If the same results are ob- 
tained in the field, the simple conversion from emulsions and 
possibly oil solutions to wettable powders may be the answer to 
better prevention and control of the Indian-meal moth. 


Summary of Work at Brownsville, Texas, 
with Imported Pink Bollworm Parasites 
and an Aphid Predator’ 


J. M. McGoveu and L. W. Nose, Entomology Research 
Division, Agr. Res. Serv., U.S.D.A2 


Seven species of foreign parasites of the pink bollworm (Pec- 
tinophora gossypiella (Saund.)) failed to become established from 
releases in western Texas from 1932 through 1944 (Noble & 
Hunt 1937, McGough & Noble 1955). Later work with imported 
parasites and also an aphid predator was conducted at Browns- 
ville, Texas. This work at Brownsville, now discontinued, is sum- 
marized in this report. 

ParasitEs.—Five species imported from India were propa- 
gated for release during the period 1953-55. Releases were con- 
centrated in the Lower Rio Grande Valley of Texas and Mexico. 
Some liberations were made in Coahuila, Mex., and others in 
Texas in the Eagle Pass, College Station, and Coastal Bend 
areas. The Texas liberation sites included 30 counties. Table 1 
lists the number of each species released. 

Attempts to recover the parasites from cotton bolls collected 
at liberation points in 1953 and 1954 were reported by McGough 
& Noble (1955). Following the 1955 releases, further samples 
were coliected and caged in 1955~56 to determine if the parasites 
had become established. These collections consisted of 500 bolls 
from each liberation site sampled. All were from the Lower Rio 
Grande Valley except two from the Eagle i’ass and three from 
the Coastal Bend areas. Each sample was enclosed in a pyramidal 
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Table 1.—Numbers of pink bollworm parasites liberateq 
1953-54. F 


PARASITE Texas Mexico Toran 
148 , 677 
339 237 


1, 257,496 


137 ,492 
323,801 
1,171,426 
33,723 
12,278 


11,185 
15,436 
86,000 
1,508 
538 


Apanteles angaleti Mues. 
Bracon brevicornis Wesm. 
Bracon gelechiae Ashm. 
Chelonus narayani Rao 
Chelonus heliopae Gupta 


Total 


1,678,720 114, 667 


cage equipped with an insect trap at the apex for recovery of g|| 
insects that emerged. The cage was lined with cloth and the trap 
constructed so as to prevent escape of the smaller insects. The 
bolls were held in the cages for a period sufficient to permit de. 
velopment and emergence of the parasites, but usually were dis. 
carded before emergence of the pink bollworm was completed, 

None of the imported parasites emerged from 85,000 bolls col- 
lected at 170 liberation sites. In view of the large number of host 
larvae and other insects taken, this sampling appeared adequate 
to determine if the parasites were present even in low popula- 
tions. Recovery of 5568 pink bollworm moths accounted for only 
part of the host larvae collected. Also, there were 8964 boll 
weevils (Anthonomus grandis Boh.). A number of native para- 
sites were recovered from the samples. Therefore, it is believed 
that none of the imported species became established in this 
country. It appears that important factors contributing to fail- 
ure of the parasites to maintain themselves were the extensive 
use of insecticides and the cultural-control program directed 
against the pink bollworm, which reduced the parasites as well 
as their host. 

Prepator.—The coccinellid Chilomenes sermaculata (F.) is 
a widely distributed and common aphid-feeding species in south- 
western Asia, Indonesia, Philippine Islands, and southern Africa 
(Essig 1931). Further reviewing the work with this species, 
Essig related unsuccessful attempts to introduce it into Florida 
and California in 1910 and 1911. 

In 1954 while searching for pink bollworm parasites in India, 
G. W. Angalet® took advantage of an opportunity to collect and 
forward this aphid predator through the Moorestown, N. J, 
laboratory. Two shipments received at Brownsville in April 1954 
consisted of 150 adults. These were used in propagating colonies 
for release in Texas and Mexico in 1954 and 1955. Of 16,84 
beetles released in Texas, 13,660 were liberated in Cameron 
County and the remainder in Calhoun, Hidalgo, Maverick, and 
Willacy Counties. Those in Mexico consisted of 66 released near 
Matamoros, Tamaulipas, and 1055 near Torreon, Coahuila. 

Adult and larval stages of this beetle were found in Cameron 
County in 1955 after about four generations had developed fol- 
lowing the release. Scouting to determine its presence was done 
in 1956 at 24 liberation points in Texas and one at Torreon, with 
negative results. It therefore appears that this insect did not be- 
come established. 
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3G. W. Angalet collected the original breeding stocks of the insects in 195% 
54 and also assisted in the work at Brownsville in 1955. 
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Further Tests on the Control of Fly 
Larvae in Poultry and Cattle Manure’ 


Rosext A. Horrman, Entomology Research Division, Agr. 
Res. Serv., U.S.D.A., and Ronaup E. Monroe, Bureau 
of Vector Control, California Department of 
Public Health 


An earlier paper by the authors (1956) reported data obtained 
with six organic insecticides on the control of larvae of the house 
dy (Musca domestica L.) in poultry droppings. The present paper 
describes a continuation of these experiments during the 1956 fly 
gason in the vicinity of Fresno, Calif. In addition, certain infor- 
mation was obtained following applications of Diazinon to 
stacked cattle manure. In the Fresno area conditions of high tem- 
perature and low humidity are such that cow manure rapidly 
forms a dry, hard crust with a moist area beneath, which is an 
excellent fly larvae medium. This situation makes satisfactory 
application of larvicides difficult except on wet, fresh manure. 

Tests witH Pouttry MaNnure.—At poultry ranches the tests 
involved the treatment of manure under caged birds on plots of 
50 square feet. The depth of manure varied from 3 to 6 inches, 
but active infestations were concentrated in the top 2 to 3 inches 
in those areas of the plot having a source of moisture, usually a 
faulty watering device or sprinkling system. In drier portions of 
the plot only third-instar larvae nearing pupation were com- 
monly found, 

A fluid volume of 50 ml. per square foot was used for all tests 
in poultry manure, and was applied with a 3-gallon compressed- 
air sprayer equipped with a coarse cone spray. At least three 
replicates of each insecticide at each concentration were com- 
pleted. 

Diazinon, used as the standard, was applied in both an emul- 
sion and a wettable-powder suspension. Dow ET-57 (sampled 
as Dow ET-14) and Guthion were applied in emulsions and 
Dipterex and thiourea in suspensions. Calcium cyanamide was 
applied in the dry granular form. The first five materials were 
applied at 5-100 mg. per square foot. Thiourea was used at 
(.005-0.5 pound and calcium cyanamide at 1-3 pounds to 50 
square feet. 

Data for these poultry-manure tests are presented in table 1, 
except that no results are given for thiourea or calcium cyana- 
mide, Neither of these materials provided any appreciable mor- 
tality of larvae during the observation period. However, in plots 
sprayed with thiourea the larvae turned a yellowish color and 
appeared to be more lethargic than those in the check plot. 
Plots treated with calcium cyanamide became progressively 
drier and larvae migrated from the plot sooner than from ad- 
jacent check plots. The cyanamide plots did not become rein- 
fested until a layer of new manure was deposited. 

Mazinon in a suspension or emulsion provided similar results 
at 25 mg. per square foot. Reinfestation usually took place be- 
tween the eighth and ninth days, although the earliest recorded 
time to reinfestation was 4 days. 

Phosdrin gave reductions of 80-95% at 25 mg. per square foot, 
but the media became reinfested within 4 days even at 100 mg. 
This material was highly toxic to flies alighting on the treated 
manure during the first 36 hours of the test. Dipterex gave 5- 


Table 1.—Average per cent reduction of house fly larvae in 
poultry droppings 48 hours after treatment with insecticides 
at dosages per square foot indicated. 


InsecticipE 5 Ma. 10 Ma. 25 Ma. 50 Ma. 100 Ma. 


Diazinon: 
Emulsion 
Suspension 78 (4) 

Phosdrin 88 (4) 

Dow ET-57 0 

Guthion 

Dipterex 22 50 


83 96 (4) 
99 (4) 
91 (2) 
97 (3) 
79 (2) 
83 (4) 


99 (4) 


99 (4) 99 (4) 
89 (3) 99 (4) 
0-95 10-98 (4)> 

98 (3) 


» Figures in parentheses indicate earliest day to reinfestation. 
nges given as results were highly variable. 
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85% control at 5 and 10 mg., but was more consistent at the 
higher rates of 25 and 50 mg. Reinfestation occurred on the third 
or fourth day. 

Dow ET-57 killed 95-100% of the larvae at 25-100 mg. per 
square foot, but no kill was evident at 10 mg. Reinfestation oc- 
curred on the third or fourth days at all rates. An emulsion of 
Guthion gave extremely erratic results. In some tests 98% of the 
larvae were killed at 25 mg., while in others the mortality was 
negligible at rates as high as 100 mg. 

Tests with Manure.—An emulsion of Diazinon was 
used in the cattle manure tests in an attempt to evaluate the 
effectiveness of a representative member of the phosphorus in- 
secticides for these conditions. Plots were usually of 50 square 
feet, and the material was applied with the same equipment as 
in the poultry tests. The Diazinon was applied at 25-250 mg. 
per square foot with fluid volumes of 50 to 150 ml. Comparative 
applications were made for conditions of undisturbed crust and 
toa surface broken with a hoe or rake. 

It was evident from the first trials on stacked cattle manure 
that penetration of the crust was not obtained at the two lower 
rates of 50 and 100 ml.; therefore, the 150-ml. rate was used in 
all other tests. 

Even at this high volume of fluid, mortalities were variable 
and effectiveness of the toxicant was most evident at the cracks 
and crevasses. When the crust was mechanically broken prior to 
treatment the mortality results were consistently higher than 
when the spray was applied directly to the crust. At rates of 100 
mg. per square foot or more, 95-100% mortality was obtained 
after disturbing the surface while no more than 80% mortality 
was obtained at any rate applied to the unbroken surface. 

Conciusions.—The application of 25 mg. of insecticide per 
square foot gave adequate temporary control when 50 ml. of 
spray was used per square foot on poultry manure under caged 
birds when Diazinon, Phosdrin, or Dow ET-57 sprays were used. 
Fair control was obtained with Dipterex, but results with 
Guthion were inconsistent. Frequent applications would be nec- 
essary, since reinfestation occurred in 3 or 4 days with all 
treatments except Diazinon. 

On cattle manure proper penetration of the crust was not ob- 
obtained with a spray volume less than 150 ml. Diazinon was 
ineffective when less than 100 mg. was applied. On unbroken 
crusts the highest control was 80%; after mechanical breakup 
treatments gave better control. Application of larvicides to 
stacked cattle manure is not always a practical means of fly 
control. 
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N-Pentylphthalimide as a Repellent for Possible 
Use on Insect-Resistant Packaging’ 


George R. Swank and Dean F. Davis,? Stored- 
Product Insects Section, Agr. Mktg. Serv., and 
S. I. GertLer, Entomology Research 
Division, Agr. Res. Serv., U.S.D.A. 


It was shown by Laudani & Davis (1955) that repellency was 
the primary mode of action of pyrethrum synergized with pi- 
peronyl butoxide when used as a protective coating on multi- 
walled paper bags against insect invasion and penetration. This 
discovery led to the setting up of a program of evaluating promis- 
ing repellents for use in developing insect-resistant packages. 


1 Accepted for publication May 16, 1957. 
2 Laboratory phases of the work described were conducted by R. H. Guy 
and P. G. Mahaney. 
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Table 1.—Repellency to adult flour beetles | ee ape by 
N-pentylphthalimide and pyrethrum synergize 

onyl butoxide in preliminary laboratory evaluation tests; all 
exposures in quadruplicate with 10 insects in each replicate. 


AVERAGE 
PERCENT- 


Propucep at INDICATED 
Ace or TREATMENT 


Rate or 


| Percentace or 

ApPLica- | 


Test MareriaL T.) mo. 


mide .0 73.4 
53.4 
21.8 


Pyrethrum + pi- 
perony] butoxide 


None (check) 


75.9 70.3 68.9 
+3.4 +3.8 +5.3 +6.4 +4.5 


Several hundred experimental compounds have been evaluated 
at the Savannah, Georgia, laboratory of the Stored-Product 
Insects Section. All of these compounds have been inferior to 
pyrethrum synergized with piperonyl butoxide with the excep- 
tion of one, N-pentylphthalimide (N-amylphthalimide). This 
compound was synthesized by the Entomology Research Divi- 
sion because of its close relationship to butyl phthalimides that 
have shown insect-repellent properties (U.S. Patent No. 2,389, 
427, Nov. 20, 1945). 

Mernops.—The test technique used to determine repellency 
was that described by Laudani et al. (1955). Briefly, this method 
consisted of confining adult flour beetles (Tribolium spp.) on 
arenas composed of equal areas of treated and untreated kraft 
paper, and determining the average deviation from an established 
normal distribution of the insects in untreated arenas over a 
period of 5 days. N-pentylphthalimide was tested at the applica- 
tion rates of 25, 50, 100, and 200 mg. per square foot. Acetone 
solutions were used to apply the material to 50-pound kraft 
paper. For comparative purposes, papers treated with a com- 
bination of pyrethrum and piperonyl butoxide at 10 and 100 
mg./sq. foot, respectively, were included in the test. Also, un- 
treated checks were included. The papers were tested when the 
treatments were freshly applied and after various periods of 
aging. The average of the results of all tests was designated as 
the per cent repellency value for each treatment. 

Resvutts.—As shown in table 1, N-pentylphthalimide at 25 
and 50 mg. per square foot had a lower repellency than pyre- 
thrum plus piperonyl butoxide at 10 and 100 mg. per square 
foot, respectively. However, at 100 mg. per square foot N- 
pentylphthalimide had as high a repellency, and at 200 mg. per 
square foot it had a higher repellency than the synergized 
pyrethrum. 

Of extreme interest is the fact that Bellack & DeWitt (1954) 
reported N-pentylphthalimide to have a “‘repellency activity” of 
95.4 against rodents. A treatment effective as a repellent to both 
insects and rodents would be ideal for protective packaging for 
foods and other commodities. More extensive evaluation of this 
promising compound is underway at the Savannah laboratory. 
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The Plum Curculio in East Texas’ 


D. R. Kine and H. F. Morrits,? 
Texas Agricultural Experiment Station, College Station 


A satisfactory spray schedule for stone fruits in East Texas jp. 
cludes the control of the plum curculio, Conotrachelus nenupha 
(Hbst.). This insect is an annual pest on the Bruce variety of 
plums which is grown commercially in the area. On peaches, the 
curculio causes losses of economic significance only in certain 
years. A majority of the peach plantings are composed of varie. 
ties which mature during or after mid-season, such as Elbert, 
and Frank. Early-maturing varieties have attained bearing ag 
in a few of the recently planted orchards. 

Studies were initiated in 1954 to relate the seasonal life history 
of the plum curculio with the timing of spray applications oy 
peaches and plums. Records of the time of emergence from hiber. 
nation and the subsequent dissemination of overwintered adults 
were obtained by jarring selected trees in wild bush plum thick. 
ets, Bruce plum, peach and nectarine orchards at regular inter. 
vals until first generation adults appeared. Adults obtained by 
jarring were introduced into a large screen cage enclosing a peach 
tree. Collected curculios also were placed periodically in sleeve 
cages on Elberta peach trees. At regular intervals, adults were 
placed in battery jars which were provided with peaches, ne. 
tarines, wild plums and Bruce plums. 

Emergence of adult curculios from hibernation usually begay 
in late March and continued until early May. Early in the season, 
oviposition was confined to plums and early maturing varieties 
of peaches such as Maygold. Adults feeding on mixtures of Bruce 
plums and peaches almost always oviposited in the plums. Ne- 
tarines and peaches which ripen during or after mid-season were 
fed upon by the overwintered adults, but were rarely selected 
for egg deposition until early May when plums neared maturity 
and presumably did not provide attractive oviposition sites, 

Fruits in which overwintered adults deposited eggs were placed 
in suspended mesh bags at 3-day intervals. The larvae which de- 
veloped in these fruits, upon reaching maturity, made their way 
to the bottoms of the bags and dropped into gallon cans. They 
were then collected and transferred to pails filled with soil in 
which they pupated. 

During April an average of 24 days was required for hatching 
of the eggs and larval development in the fruit, while only 19 
days was required during May when the fruit was larger and 
temperatures were more favorable for development. 

Twenty to 41 days, with an average of 25, were required in 
the soil for the larvae to pupate, transform and emerge as adults. 

The survival rates of larvae and adults were greatest from 
Bruce plums collected in April and early May. Following this 
period, first generation mortality steadily increased until plums 
were harvested. Progressively higher temperatures and drier 
soils during this time of the year were probably influencing 
factors. Examination disclosed that death occurred most fre- 
quently in the pupal cells in the soil after the pupae had trans- 
formed to adults. 

The fruit in which the larvae reached maturity also influenced 
the survival rate of the adults. Twenty-one per cent of the larvae 
which pupated after completing development in wild plums 
emerged as adults, whereas 38% of the larvae developed to adults 
after feeding in Bruce plums. 

When the first generation adults emerged, they could not be 
induced to oviposit in plums which were nearing maturity. A 
limited number of eggs were deposited in peaches and nectarines 
which ripened in mid-season or later. Fruits containing egg 
deposited by first generation adults were placed in mesh bags and 
the curculios reared as described above. In 1956, only three sec- 
ond generation larvae were successfully reared to the adult stage. 


1 Technical Contribution No. 2683, Texas Agricultural Experiment Station, 
College Station. Accepted for publication May 21, 1957. ‘ 

2 Respectively, Assistant Professor, Department of Entomology and Hortr 
culturist, Substation No. 2, Tyler, Texas. 
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During years of normal precipitation, second-generation adults 
developed to populations of economic importance on peaches. In 
recent years when precipitation has been below normal, first- 
and second-generation mortality has been exceedingly high. This 
factor, coupled with the reluctance of the overwintered adults to 
oviposit in peaches which develop in mid-season or later, reduces 
populations on peaches to low levels in dry seasons. As a result, 
the curculio appears in damaging numbers on peaches that ripen 
in mid-season in East Texas only in years when optimum rainfall 
and temperatures prevail during late spring and summer. 


Research on Insecticidal Control of 
Philippine Crop Pests' 


Joun G. Martuysse, Dept. of Entomology, 
Cornell University, Ithaca, N. Y. 


Research in entomology at the College of Agriculture of the 
University of the Philippines has a long history of accomplish- 
ments by men such as C. F. Baker, L. B. Uichanco and others. 
Much of the early work was taxonomic, but also a wealth of in- 
formation has been amassed on the important crop insect species 
and their biologies. Unfortunately, World War ITI reduced the 
College to ruins, completely destroying most buildings and prac- 
tically all equipment and library resources. The Campus at Los 
Bafios was used as an internment camp by the Japanese. 

Rehabilitation was slow at first, but the remnants of the 
Faculty were soon completely occupied with a rapidly expanding 
teaching program. Under an International Cooperation Adminis- 
tration Contract, Cornell University undertook the job of ad- 
vising in all phases of the rebuilding of a modern Land Grant 
Agricultural College, and its teaching, research and extension 
program. During this period student enrollment jumped from 
less than 500 to more than 4000. The author joined the contract 
group at Los Bafios in October, 1954. He was succeeded in April, 
1956 by Ralph W. Dean of the Hudson Valley Fruit Laboratory 
of the New York State Agricultural Experiment Station. 

A very abbreviated summary of some of the research activities 
in entomology is presented in this paper. The personnel mainly 
responsible for the work were G. B. Viado, Silverio M. Cendaia, 
and the research assistants and instructors of the permanent 
College staff at Los Bafios. 

Rice.—Because rice is the most important crop of the Philip- 
pines, emphasis was placed in research and demonstrations on 
control of rice pests. Borers, including the Asiatic rice borer 
Chilo suppressalis (Wlk.), Schoenobius incertulas (Wlk.), and 
Sesamia inferens (Wlk.) are most injurious. Rice bug, Lepto- 
corisa acuta Thunberg, caused considerable damage by sucking 
on the grains in the milk stage. Other bugs, leafhoppers, leaf 
rollers, leaf folders, caseworms, armyworms, etc., are also injuri- 
ous. Studies included tests with insecticides, formulations, timing 
of applications, use of machinery, interactions with fertilizer and 
varietal resistance. The most effective insecticides found to date 
were endrin and EPN for rice stem borer control. However, 
practical field use was limited by the need for as many as three or 
more applications to prevent larval entry during the susceptible 
stage of the rice plant. Goodly yield increases can be obtained, 
and in many, but not all circumstances, will more than pay for 
the cost of insecticides. Economics of rice pest control depends 
considerably on borer susceptibility and yield potential of the 
variety planted. 

Most rice spraying is done with compressed-air handsprayers, 
with coverage poor in too many cases. Light portable rotary- 
pump power sprayers were developed for carrying by hand onto 
lowland rice dykes. Effective control was obtained with low- 
gallonage applications of EPN or endrin through long, hand- 
carried booms, fitted with hollow cone low-gallonage nozzles. 

Corn.—Corn is the second most important Philippine crop. 
It was attacked by a complex of insects very similar to those in 
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the United States. Corn borer, Pyrausta salentialis (Sn.) and corn 
earworm, Heliothis armigera (Hbn.) are primary pests. Also im- 
portant are aphids, armyworms, ants, a Chrysomelid, Monolepta 
bifasciata Hornst, and other pests, including the cosmopolitan 
stored grain insects. Major effort was placed on breeding resist- 
ant varieties. 

Insecticide experiments demonstrated the effectiveness of 
DDT, EPN, endrin, Dilan, and ryania. Economics of present 
day corn production in the Philippines would not warrant the 
expense of insecticidal control. However, through current devel- 
opments in higher yielding varieties and increased use of fertili- 
zers, there appears promise for good returns on investment in 
one to three corn borer and earworm control sprays. 

Research on corn seed treatment has proceeded to the point 
where large scale practical use is near at hand, Ants all too often 
seriously reduce stands of Phillippine corn. Combinations of 
dieldrin and captan have proven highly effective and reasonable 
in cost. Vegetable seeds also warrant similar seed treatment. 

Fruir.—Pests of fruit are often limiting factors in production 
in the Philippines. DDT has come into large volume use for con- 
trol of mango leafhoppers. These pests, feeding at flowering 
time, can destroy much of the crop. Citrus is affected by a very 
large complex of insects and mites. Research at Los Bafios was 
mainly concerned with rind borer (Prays citri Mill), and P. 
endocarpa Meyrick, a green bug (Rhynchocoris longirostris Stal.), 
and mites. EPN has proven highly effective against rind borer, 
and dieldrin against this green bug and grasshoppers. Increase in 
abundance of mites occurs following use of the chlorinated hy- 
drocarbon insecticides, and also use of fungicides. EPN was ef- 
fective in maintaining good green leaf color through mite control. 
Use of proper insecticides on citrus has proven very profitable 
to cooperating growers. Much more research is needed, however, 
to work out superior spray schedules considering the population 
side effects of any insecticide application to tropical perennial 
crops. The high market value of fruit crops in the Philippines 
permits considerable expenditure for insecticides from a practical 
standpoint. 

VEGETABLE Crops.—Good vegetable crops and Irish potatoes 
also bring high market prices in the Philippines. Research has 
demonstrated the increased profit to Philippine growers that 
can be realized by insecticidal control of cabbage and tomato 
worms, Epilachna philippinensis Dieke on Solanaceous crops, 
thrips on onions, ete. DDT, dieldrin and endrin were the most 
generally effective on vegetables and potatoes. DDT and endrin 
were also demonstrated to be effective against Heliothis armigera 
(Hbn.) on tobacco. 

Cacao.—Production of this crop was limited by Capsid bugs 
Helopeltis bakeri Poppius and H. Collaris Stal, pod borers includ- 
ing Acrocercops cramerella Sn. and pachyrhynchid weevils, wood 
borers, and other insects as well as pod diseases. Great increases 
in yields were obtained in combination insecticide-fungicide 
spraying experiments. DDT, dieldrin, EPN, Dithane Z78, and 
bordeaux were effective. Evidence indicates that the building of 
a cacao industry in the Philippines, which would be highly desir- 
able, must include effective pest control in the program. 

SUGARCANE.—Sugarcane research, partly supported by grants- 
in-aid obtained from milling companies, was directed mainly 
against borers. The dead heart borer, Argyroploce schistaceana 
(Sn.) is most abundant, but serious also are the top borers 
Schir pophaga nivella (F.) and S. nivella intacta Sn., and the cane 
borers Chilotraea infuscatella (Sn.), Sesamia inferens (Wlk.) and 
Proceras species. Although a series of extensive experiments have 
been conducted with DDT, BHC, dieldrin, aldrin, parathion, 
EPN, malathion, Chlorthion and several systemics—no insecti- 
cide to date appears promising for practical control. Against 
woolly aphid, Ceratovacuna lanigera Zehnt., both schradan and 


1 Presented at the Fourth Annual Meeting of the Entomological Society of 
America held in New York, New York, December 27-30, 1956. Accepted for 
publication May 15, 1957. 
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demeton were very effective. The great number of pests, many 
very important, makes sugarcane a most interesting crop for 
future research. 

Asaca.—This crop, also known as Manila hemp, is seriously 
threatened in the Philippines by mosaic transmitted by Aphis 
maidis Fitch and A. gossypii Glover. Large scale experiments in 
Mindanao indicated some reduction in disease incidence through 
spraying with BHC, but no control was obtained with demeton. 
Use of a cover crop, Centrosema, was superior to any insecticide 
spraying. 

Space does not permit a discussion of all of the many activities 
of the Entomology Department at Los Bafios. Some of the work 
dealing with insecticides has been mentioned briefly. An enlarged 
practical field research program is now being conducted by the 
permanent staff of the College of Agriculture and the Philippine 
Central Research Station at Los Bafios. 


Efficiency of Oils and Other Early Season 
Treatments for the Control of the 
European Red Mite’ 


W. D. Suea,? New York State Agri. Expt. Station, Geneva 


Specifications for the so-called superior type dormant tree 
spray oils were prepared originally by Pearce & Chapman (1947). 
Subsequently, products meeting this standard have been widely 
used in New York and to a considerable extent also in other fruit 
districts of northeastern United States. Within recent years in- 
terest has developed in selecting an even better type oil, prin- 
cipally one that might further reduce plant injury hazards which 
are inherent in the use of all petroleum oil sprays. This interest 
has taken the direction of evaluating oils of the same general 
structural composition as the “superior” oils but of lighter vis- 
cosity. The present paper is a report on that part of the program 
carried out in the Hudson Valley fruit district in 1936. In addi- 
tion to an evaluation of oils of several viscosities the effort also 
included the testing of organophosphate-oil combinations and of 
Genite. Results are given in table 1. 
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The test orchard selected was a block of Red Delicious apple 
trees and it was heavily infested with overwintering eggs of the 
European red mite, Metatetranychus ulmi (Koch). Unreplicated 
plots containing four trees each were laid out. The data obtained 
from the plots were based on counts of mite populations obtained 
from 25-leaf samples taken periodically from each test tree. Thus 
each plot was represented by a 100-leaf sample at each sampling 
time. After collection, the sample leaves were fumigated, using 
the method developed by Hammer (1944), brushed in a Hender- 
son brushing machine and a count was then made of both the 
mite eggs and hatched forms present. 

The data show that similar results were obtained with all oils 
tested although the performance of the heaviest product (GLF 
dormant oil) was poorer than previous experience would have 
indicated. Excepting this oil the 59 second viscosity product 
appears to have been slightly less effective than either the 74 
or 82 second oil. Further, the evidence presented clearly sug- 
gests the control efficiency was increased by adding either para- 
thion or malathion to oil. It should be noted that all oil and oil- 
phosphate sprays were applied about 10 days prior to the begin- 
ning of egg hatching. Genite is apparently much more effective 
as a pre-blossom or pink spray than as a dormant of semi-dor- 
mant treatment. 
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Table 1.—Efficiency of early season treatments in the control of the European red mite. 1956. 


Or Properties 


Viscosity 
SUS @ 


TREATMENT® AND RaTE 
100° F. 


PER 100 GALLONS °API 


Gravity 


Mires Per 100 LEAVES 


June 24 


June 4 June 2 


SCS S See 


Prorex No. 1 Oil,> 1 gal. 59 

Prorex No. 1 Oil,> 2 gals. 59 

Whiterex 307 Oil, 1 gal. 74 

Whiterex 307 Oil,® 2 gals. 74 

LS-0418 Oil,° 1 gal. 82 

LS-0418 Oil,° 2 gals. 82 

GLF Dormant Oil,‘ 1 gal. 108 

GLF Dormant Oil,‘ 2 gals. 108 

GLF Dormant Oil,‘ 2 gals., plus 25% 
malathion w.p., 2 lbs. 

GLF Dormant Oil,‘ 2 gals., plus 15% 
parathion w.p., 1 Ib. 

Genite EM, 1} pts. 

Genite EM, 1} pts.° 

Untreated 


35 
10 


1 

3 

2 35 
7 240 


96 


® All oils were emulsified in the spray tank immediately before application, using 25% blood albumin } Ib. 100 gallons. Fermate 1} Ibs./100 gallons was also 
included in each lot. Applied in delayed dormant bud stage on April 30, except as noted. 


> Supplied by Socony Mobil Oil Co. 
© Supplied by Standard Oil Co. of Indiana. 

4 Supplied by Cooperative GLF Exchange Inc. 
© Applied in “pink” stage on May 15. 


36 93 1,523 
33 9 341 2° 505 
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33 10 210 1,254 
33 7 71 413 209 
32 8 542 4,063 
32 6 352 3.977 
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EDITORIALS 
Insect Problems in the Marketing of Agricultural Products! 


The insect problems involved in the marketing of 
agricultural products were made a specific area of re- 
search with the creation of the Agricultural Marketing 
Service in the reorganization of the functions of the U. S. 
Department of Agriculture in 1954. Just prior to this 
time, some recognition was made of the importance of 
preventing insect attack in stored products through the 
formation in 1951 of a Division of Stored Product Insect 
Investigations in the former Bureau of Entomology and 
Plant Quarantine. The transfer of these functions to the 
Agricultural Marketing Service set up a definite boundary 
to this area of research, and stimulated consideration of 
insect problems which had previously not been well 
recognized, or which had been ignored. 

Insects have attacked stored grains since the time when 
man first attempted to lay away seeds to supplement his 
winter food supply. Until recent years however, one year’s 
harvest in the United States was generally consumed be- 
fore the next season and the relatively short storage period 
coupled with low winter temperatures prevented serious 
insect damage to the larger portion of the crop. In the 
1940's, however, a surplus began to accumulate, which 
carried over in storage from year to year until today we 
have almost 900 million bushels of wheat in reserve; more 
than 800 million bushels of corn; millions of sacks of rice; 
hundreds of thousands of bushels of barley, grain sorghum 
and oats; and thousands of tons of nonfat dry milk, 
cheese, beans, tobacco, peanuts, dried fruits, wool, and 
other products. The prevention of damage or of contami- 
nation by insects has become a tremendous problem 
which is shared by government agencies caring for this 
surplus in government-owned or leased storages, and by 
warehousemen storing and caring for these commodities 
under contract. 

During the past decade there has also been a marked 
change in the attitude of the consumer toward food 
products containing either living insects or fragments of 
dead ones. This change has focused attention on the 
production of insect-free foods and has resulted in broad 
cooperative programs to prevent insect infestation in the 
raw commodity and the finished product. The “Clean 
Grain” program now sponsored by the Departments of 
Health, Education and Welfare, and of Agriculture is one 
such endeavor. The Food & Drug Administration (here- 
after designated FDA) constantly works with many 
segments of the food industry in other attempts to de- 
crease the possibilities of contaminating food products 
with insects. This is accomplished by official inspection of 
the processing plants and storage warehouses, as well as 
of the raw or finished products when they enter interstate 
commerce. These activities have created an urgent de- 
mand for both preventive and control measures adapted 
to present day processing and storage practices. 

Within the past 2 years, the enactment of the Miller 
Amendment to the Food, Drug, and Cosmetic Act has 
emphasized the urgent need for information on how insec- 
ticides can be used in or around the raw product, and in 


the warehouses, the processing plant, the transportation 
facility, and the wholesale or retail outlet storage, without 
leaving a residue on the product, or a residue exceeding 
the established tolerances. The Act provides for establish- 
ment of tolerances for pesticide residues on raw agricul- 
tural products and permits no residue to be present unless 
covered by a tolerance or exempted from the need of one. 

Furthermore, while tolerances are established for resi- 
dues on or in agricultural products, there are no toler- 
ances as yet set up for residues incurred from pesticide 
application to manufactured or processed food products. 
Much research is needed immediately to permit such 
tolerances to be established. The food industry is at 
present caught between two requirements, the first that 
their products be free from insect contamination, the 
second that technically no residues are permissible in the 
product as a result of preventive or control measures, 
except those that may be present by virtue of a permis- 
sible residue on the raw product. 

The insect problems related to marketing can be di- 
vided into three large segments: (1) prevention or control 
of insect infestation in stored agricultural products, (2) 
prevention or control of insect infestations in structures 
or facilities used for processing, warehousing, or trans- 
portation, and (3) prevention of insect penetration or 
invasion into the packaged product. 

Prevention of infestation in stored wheat is probably 
the most important individual problem in the food field. 
It has been shown that an important source of insect 
fragments in flour is the internal infestation in wheat by 
several species of stored-grain insects Wheat moving in 
interstate commerce is required by the FDA to have less 
than 1% of insect-damaged kernels, or it is subject to 
seizure. This creates a need for preventive or control 
measures to be used all along the line from the producer 
to the miller that will prevent the development of in- 
ternal infestation, and yet not leave insecticidal residues 
in excess of tolerance limits. These need to be methods 
that will not interfere unduly with normal handling 
practices. 

In line with the FDA regulations, the Commodity 
Credit Corporation (hereafter designated CCC) requires 
that wheat must meet the FDA standards when put under 
loan, and when surrendered in payment of the loan. Many 
millers are purchasing wheat under much more strict 
standards than those imposed by FDA. 

The grain trade has urgently requested a device to 
determine the presence and degree of internal infestation 
so that each lot of wheat offered for sale can be checked 
by the grain dealer. Present methods require trained 
technicians and laboratory facilities. 

Prevention of insect damage to stored corn is an im- 
portant problem of great interest to CCC which has 
half a billion bushels in its own storages, and is of equal 


1 Abstracted from a paper presented at the Fourth Annual Meeting of the 
Entomological Society of America held in New York, N.Y., December 27-£0, 
1956. 
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interest to all producers in areas where the rice weevil and 
the Angoumois grain moth thrive (south of a line through 
the middle of New Jersey, Lllinois, and Missouri). The 
prevention of insect damage to grain sorghum is also an 
important problem because of the increased production of 
this crop. The protection of rice likewise is important, 
since this country now produces about twice as much rice 
as it consumes creating a surplus each year. The surplus 
is sold as milled rice and must be insect-free to meet the 
grade standards. Other small grains pose a variety of 
problems, but procedures developed for the above four 
grains can be adapted to the others for the most part. 

Seeds are also important, since it is now the custom to 
hold large reserves of hybrid seeds until the new crop is 
assured. These reserves are usually diverted to animal 
feed, therefore any insect control measures must not 
create problems of undesirable insecticide residues. 

In addition to grains and seeds, there are many other 
agricultural products for which modern and safe remedies 
are needed. In some instances the need is merely to pre- 
vent insect injury and the accompanying lowering of 
quality, in others the prevention of contamination is most 
important. Each commodity in itself is a large problem. 
Such products include peanuts, tobacco, spices, wool, 
dry beans and cowpeas, dried fruits, cheese, nonfat dry 
milk, cocoa beans, cottonseed meal, citrus pulp meal, and 
mixed feeds. 

The problem of controlling insect infestations in the 
structures or facilities used to convert the raw product 
into a food item, to warehouse it during marketing, and to 
transport it to nationwide markets, is a separate and dis- 
tinct one, and may be critical. Even though the com- 
modity is initially insect-free or though adequate preven- 
tive and control measures are available it is important 
that adequate attention be given to preventing the prod- 
uct from becoming infested in these facilities. This 
involves the need for insect control measures that will 
prevent the final product from being contaminated with 
insects or with insecticidal residues. It also requires a 
thorough understanding of the effect of treatments on 
the various commodities present under conditions where 
aerosols or fumigants are applied periodically as a routine 
preventive maintenance practice. A distinct insect pre- 
vention program needs to be developed for each type of 
installation and commodity. Basic guideposts are also 
needed in relation to the performance, migration, and 
probable residues of the principal insecticidal materials. 
There is universal agreement between industry and the 
carriers that transportation facilities are undoubtedly a 
key factor in spreading infestations to non-infested foods, 
but much research is needed to guide the action to be 
taken to solve this complex problem. 

An insect-resistant package can offset shortcomings in 
insect control programs in warehouses, transportation 
facilities and sales outlets. This prospect is very attrac- 
tive to the food processors, for in most instances they 
have no control over their products in warehouses and 
transportation facilities. Products that are insect-free 
when packaged can become infested during shipping or 
in general storage. However, only the tin can has com- 
pletely defied insect invasion. Some elaborate packages 
with a complete overwrap, or some of the new plastic 
films may attain this end. However, the smallest defect in 
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the seal will permit invasion, and several species of insects 
can cut through the lighter weights of films, and even 
metal foil. 

The food industry and manufacturers of insecticides, 
paper, and paper containers are extremely interested in 
packages made with insecticide-treated paper. In addition 
to determining the effective materials, this will entail 
the development of much data on possible migration of 
the insecticide into the commodity, cost, length of life, 
barriers to prevent insecticide migration, or the establish. 
ment of residue tolerances for each product involved. 

The food processing industry is keenly aware of the 
insect problems discussed above. Close liaison is main. 
tained between the Agricultural Marketing Service and 
the industry as a whole through the Food Industry Liai- 
son Group. Specific studies are planned in consultation 
with industry committees such as the Sanitation Com. 
mittee of the Association of Operative Millers, the Re- 
search Committee of the National Cheese Institute, the 
Standards and Quality Control Committees of the Ameri- 
can Dry Milk Institute, the Sanitation Committee of the 
National Pest Control Association, the Dog Food Divi- 
sion of the American Feed Manufacturers Association, 
and others. Cooperative studies are conducted with indus- 
try firms selected by these committees, and with those 
which offer cooperation on their own initiative. 

Governmental agencies in general are also cognizant 
of the problems. The CCC sponsors some research on 
problems specifically related to the storage of CCC. 
owned grains. The Quartermaster Corps has requested, 
and assisted in, research on the protection of woolens 
and of subsistence items. The Emergency Procurement 
Service of the General Services Administration has re- 
quested research on the protection of strategic stockpile 
items such as feathers. Regulatory agencies of the U. S. 
Department of Agriculture have requested research on 
treatments to eradicate insects such as the khapra beetle 
from structures and commodities. 

The Research and Marketing Advisory Committees 
of the U.S. Dept. of Agriculture, composed of members 
representing a cross section of the segment of agriculture 
considered by each Committee, are also well acquanited 
with the importance of these insect problems. Research 
on insect problems in marketing is reviewed by 15 com- 
mittees covering subjects ranging from functional ones, 
such as food distribution, cold storage and nutrition, to 
commodity groups such as grains, rice, seeds, feeds, 
dairy products, tobacco, fruit, vegetables, and peanuts. 
These committees have given high priority to expanded 
research in this field. 

Insects rarely respect political boundaries so most of 
the problems they present tend to be regional or national 
in scope. The Agricultural Marketing Service endeavors 
to become equipped to study them wherever they are 
prevalent or where adequate facilities or personnel are 
available to conduct the work. Various arrangements are 
employed to take advantage of the best opportunities 
afforded to conduct the research. These include direct 
work and cooperative work with other agencies such as 
State Agricultural Experiment Stations through coopera- 
tive agreements or contractual arrangements. 

The Agricultural Marketing Service now conducts 
studies at 11 field stations located at Beltsville, Md. 
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(automatic devices for detection of hidden insect infesta- 
tion in grain); Fresno, Calif. (dried-fruit, nut, and bean 
insects, khapra beetle); Houston, Tex. (stored-rice and 
grairi sorghum insects); Lee Hall, Va. (CCC grain prob- 
lems on boats); Madison, Wis. (dairy-product insects) ; 
Manliattan, Kans. (stored-grain insects); Mesa, Ariz. 
(khapra beetle); Richmond, Va. (stored-tobacco insects) ; 
Savannah, Ga. (wool and fabric insects, insect-resistant 
packaging, insect control in food plants and warehouses, 
insecticidal residue analysis); Tifton, Ga. (stored-grain 
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and peanut insects); and Watseka, II]. (CCC grain prob- 
lem in specialized facilities). 

Additional research on specialized problems is currently 
being carried on by contract at the Arizona, California 
(Riverside), New Jersey, and Ohio Agricultural Experi- 
ment Stations. 

RANDALL LattTA, 
Stored-Product Insects Section, 
Agricultural Marketing Service, U.S.D.A. 


In-Service Training Programs in the Plant Quarantine Division’ 


The primary program responsibilities of the Plant 
Quarantine Division, Agriculture Research Service, in- 
clude establishment of a defense line to prevent introduc- 
tion of foreign plant pests, new to, or not widely dis- 
tributed in the United States, protection for the mainland 
against the spread of pests from offshore possessions, 
assistance to other Federal and State agencies in limiting 
existent plant pest occurrences in the United States, and 
provision of phytosanitary certification service for 
growers and shippers of domestic products offered for 
export. 

The fulfillment of objectives is sought through the con- 
trol of avenues of entry of plants, plant products, other 
materials, and their carriers. The imposition of these 
controls is consistent with a determined policy to achieve 
amaximum of plant protection for the United States with 
aminimum of interference in the movement of goods and 
performance of services. 

The effectiveness of the regulatory functions of the 
Division rests squarely with program management and 
the field personnel “‘on the line.” Division management 
recognizes not only its responsibility for sound program 
conception, but the basic dependence on field personnel 
for supervision, maintenance of a productive work force, 
and a level of employee job performance adequate to 
program demand. 

This recognition in the area of job performance is re- 
flected, in part, in the qualification standards set for em- 
ployment. Emphasis is placed on college level, academic 
training in specified biological or agricultural sciences 
leading to a B.S. degree or a combination of academic 
training and field experience. It is further reflected by the 
use of in-service and on-the-job training for new em- 
ployees and provides experienced employees with an 
opportunity to improve skills and prepare for advance- 
ment. From the inception of Federal plant quarantine en- 
forcement, nearly 45 years ago, the need for adequate 
preparation of personnel to meet the demands peculiar to 
this field has been recognized. 

The early years were characterized by the emphasis 
placed on specific plant pest organisms. The constant, 
methodical inspection of plants, plant products and 
carriers, particularly from foreign sources, has greatly 
expanded our knowledge of the variety of plant pests en- 
countered in world commerce. Research in the allied 
biological sciences, at home and abroad, has provided the 
plant quarantine worker with additional information on 


the detection, biology, identification and distribution of 
plant pests. While emphasis on specific plant pests is 
necessary for biological substantiation of quarantine re- 
strictive measures, the statutory framework relegates 
authority to the enforcement agency to concern itself with 
designated plant pest groups. These groups include in- 
sects and other arthropods, snails, nematodes, fungi and 
bacteria, viruses, and similar allied organisms which can 
directly or indirectly injure or cause disease in plants or 
plant parts. 

Dependence on the inspectional procedure as the only 
practical means for providing plant pest protection and 
maintaining the trade flow without serious dislocation, 
demands that personnel charged with inspection possess 
the necessary information on detection, identification and 
host relationships in the pest groups involved. Mitigation 
of the inspectional problem is achieved, in some instances, 
by regulatory devices involving prohibitions, phytosani- 
tary certification, mandatory treatments of products for 
entry, pre-inspection in country of origin and postentry 
growing under supervision and control. Some of these 
methods are necessary for those plant pests not readily 
detectable at the time of host entry. However, it is evi- 
dent that the inspection procedure is utilized, even here, 
but at a more opportune time. Aspects of the inspection 
procedure have a direct bearing on training needs. Sam- 
pling and inspection techniques, host recognition, detec- 
tion and identification of plant pests not known to occur 
in the United States, and selection and supervision of 
approved treatments when applicable, constitute the more 
important training areas in the biological field. 

Typical of these training needs is the identification of 
plant pests in connection with the inspection procedure. 
The variety of exotic and indigenous forms encountered 
represents a considerable problem in detection and 
identification. Insects associated with plants and plant 
products are commonly represented by the immature 
stages. The recognition of the immature stages of those 
orders, family groups and specific forms associated with 
such products in commerce is a necessary function of 
effective plant quarantine enforcement. Training in rec- 
ognition based on taxonomical characters, host relation- 
ships and pest distribution is essential] to adequate pest 
protection and public service. 


1 From a paper presented at the Fourth Annual Meeting of the Entomological 
Society of America held in New York, N. Y., December 27-30, 1956. 
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The framework of law, regulations and procedures 
constitutes the limitations placed on enforcement. Knowl- 
edge of these Jimitations is essential to effective job per- 
formance on all levels. The Plant Quarantine Division en- 
forces the Insect Pest Act of 1905, the Plant Quarantine 
Act of 1912, the Honeybee Importation Act of 1922, the 
Mexican Border Act of 1942, the Export Certification 
Act (Sec. 102-b, Organic Act of 1944) and the Molluse 
Act of 1951. Cooperative enforcement involves many 
other Federal and State regulations and the import re- 
quirements of foreign countries. Under the Plant Quar- 
antine Act of 1912, the Division enforces the provisions 
of 20 plant quarantines and orders against foreign areas, 
seven plant quarantines against offshore possessions and 
10 domestic continental plant quarantines in cooperation 
with the Plant Pest Control Division. The need for train- 
ing, particularly for the new employee is acute and im- 
mediate. This training need is not peculiar to the plant 
pest regulatory field, but is marked in other phases of 
agricultural law which play a vital role in the planned 
agricultural economy of the nation. The agriculturists 
engaged in the segments of our economy which are af- 
fected by the regulatory laws must assume the leadership 
necessary for the high level of public compliance required. 
Preparation for this leadership should be a considered 
phase of their academic background. 

The third area of required in-service training is the 
field of orientation and public service. This indoctrina- 
tion includes the main objectives, functions and organiza- 
tion of the Department of Agriculture, Agricultural Re- 
search Service and Plant Quarantine Division. Federal 
and State, inter-agency, public and employee relation- 
ships pertinent to plant quarantine enforcement are ex- 
plained. The employee is informed as to his obligations, 
privileges, and the administrative regulations affecting his 
health, welfare, career opportunities, and so forth. 

Training in the areas outlined above has been carried 
on by the Division for many years, and on-the-job train- 
ing and the apprentice system have been commonly 
employed. Shortly after World War II, the Division ex- 
perimented with the intensive short course method. The 
success of the initial programs encouraged the establish- 
ment of a Division training center at the Port of New 
York. The short courses combine formalized academic 
instruction with supervised on-the-job training. 

The staff of the Center is drawn from the ranks of ex- 
perienced Division personnel who have a demonstrated 
background of instructional aptitude. The facilities of the 
Center include plant pest specimen collections, plant 
product exhibits, visual aid equipment, and demonstra- 
tion materials. Facilities are provided for a maximum of 
25 participants in each class. Several of the courses con- 
ducted in the Center have been accepted for credit by the 
Graduate School of the U. S. Department of Agriculture. 

At the present time the Center is conducting a basic 
training program for new employees. The course is 
organized on a 26-week period of continuous training. 
The first 12 weeks of the program includes orientation, 
indoctrination, and the academic phase. In addition to 
intensive classroom and laboratory instruction, this early 
period is utilized for field familiarization, public relations, 
employee relations, personnel conferences on training, 
the new job, and the new environment. The principal aim 
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is to bring the new employee as close to his new job as 
possible, encourage his broad understanding of the fune. 
tions of the agencies involved, and prepare him for the 
intensive training period. The basic program covers the 
major training areas previously discussed. These include 
orientation, legal aspects, inspection procedures and 
treatments, biological aspects (with emphasis on applied 
entomology), and the' final 14 weeks on supervised job 
assignments as the practice area. 

The portion of the program dealing with plant quaran- 
tine entomology takes approximately 5 weeks. The train. 
ing is concerned with two major objectives. The first is to 
familiarize personnel with those species designated in the 
regulations or determined to be of significance, their 
host relationships and foreign distribution. The second 
consideration is the study of family diagnostics of the 
immature forms commonly encountered. Particular 
emphasis is placed on those which are primary pests of 
the growing crop, or found with plant products moving in 
commerce. Line inspectors handling host imports, for 
example, must be able to distinguish larvae of the Tephri- 
tidae from those of the Drosophilidae, Otitidae, and 
Muscidae as the preliminary requirement in the disposi- 
tion of the shipment. Further determinations are neces. 
sary before the final disposition can be effected. Similar 
problems exist in the orders of Lepidoptera, Coleoptera, 
and Hymenoptera. Other orders studied include the 
Thysanoptera, Isoptera, Orthoptera, and Hemiptera. The 
study program is evenly divided between lectures, demon- 
strations, and actual laboratory exercises in the recogni- 
tion of insect plant pests. Extensive use is made of trans- 
parencies depicting insect stages and infested host mate- 
rials, mimeographed material, motion picture films of 
indigenous pests of a related nature, and a large collection 
of preserved foreign plant pest material for hand lens 
and microscope study. Several illustrated keys especially 
prepared for plant quarantine work are provided, and in 
order that the trainee be able to effectively utilize these, 
anatomy and taxonomy of the groups studied are closely 
correlated. The Center has received considerable assist- 
ance from the specialists in the Identification and Para- 
site Introduction Section, Entomology Research Divi- 
sion, through their participation in the training programs, 
review of the prepared material, and contributions of 
training aids. 

Periodic written examinations and oral reviews are 
conducted during the training period. These examinations 
are designed to test the trainee’s study habits and prog- 
ress, and emphasize the relative importance of the train- 
ing material. Supervisory evaluation of the individual 
trainee is made during the 14 weeks of rotated job assign- 
ments. The basic program constitutes the first 6 months 
of the probationary period for most of the new appoint- 
ments in the Division. The program minimizes the time 
necessary for the new inspector to assume the full duties 
of his position and increase his early effectiveness in the 
Division. 

The training program is an integral part of the Division 
recruitment plan. The new employee appointed as a GS. 
5 trainee inspector to the Training Center at New York, 
upon successful completion of the 6-month course, ad- 
vances to grade G.S. 7 and may receive 10 credit hours in 
the U. S. Dept. of Agriculture Graduate School. After 
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grving 1 year in further on-the-job training at a location 
to which he is transferred at government expense, if he is 
qualified for further advancement, he can be reallocated 
to an available journey man inspector position in the 
G.S. 9 grade. Failure on the part of the trainee to satis- 
factorily complete the basic training period will result in 
his separation from service. 

In addition to the basic in-service course outlined 
above, the Center conducts short courses in plant quaran- 
tine entomology, plant quarantine pathology, and plant 
quarantine nematology. The short courses mentioned are 
aceredited with the U.S.D.A. Graduate School. All courses 
are conducted during regular business hours but require 
considerable outside study effort by the participants. 
Courses are offered and conducted in accordance with Di- 
vision program needs, budgetary requirements and avail- 
ability of personnel. Over 100 Division personnel have 
been processed in the formal short courses at the Center. 

Early in 1952 plans were formalized for short course 
instruction for foreign technicians in the field of plant 
quarantine and plant protection. Most of the foreign 
participants are sponsored by the International Coopera- 
tion Administration, State Department. Training pro- 
grams and itineraries are developed jointly by that 
agency, the Foreign Agricultural Service, and the Agri- 
cultural Research Service (Office of International Rela- 
tions). Programs are designed to meet the needs of 
foreign participants in their specialties or fields of interest. 

The short course in “Plant Quarantine and Plant 
Protection” conducted at the Plant Quarantine Division 
Training Center is offered three times a year and each 
course is of 8 months’ duration. 

The training program is designed to assist foreign 
participants in the implementation of plant quarantine 
regulations in their own countries and resolution of prob- 
lems connected with such programs. Many of the train- 
ing aids used in connection with in-service programs are 
utilized. It has been found, however, that effective in- 


Use of Polyethylene Bags for Inactivating 
Sweep Samples’ 


Joun A. Cuemsak, University of California, Berkeley 


The use of net sampling has become standard procedure for de- 
termining the composition or magnitude of populations of certain 
inseet groups, such as those attacking forage crops (Smith & 
Smith 1948). One of the problems that is sometimes involved in 
the use of this technique is the choice of a method of anesthesia 
- will permit the accurate determination of population sam- 
ples. 

Methods commonly involve the use of large battery jars or 
cyanide cans as inactivation chambers. In the former method, 
the portion of the net containing the insects is placed within the 
jar, a small amount of appropriate anesthetic added, and a lid of 
some type is then left on the jar until the insects within the net 
areinactivated. The other method is to empty the contents of the 
uet into a large cyanide can or jar. The shortcomings of both 
these methods become apparent when used in the field. Trans- 
port of the battery jar becomes a hindrance and the time for 
satisfactory anesthesia of the insects is too long. Escape of the 
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struction is achieved in the conduct of separate classes. 
The course combines the regulatory activities of the Plant 
Quarantine Division and the Plant Pest Control Division. 
In each of the courses given, a field program is arranged 
which includes visits to other plant quarantine stations, 
inspection houses, operational units of Plant Pest Control 
Division, and facilities of other agencies of the Depart- 
ment of Agriculture. 

Since the beginning of these formalized training pro- 
grams for foreign nationals in 1952, a total of 39 par- 
ticipants from 20 different countries have completed the 
short course. The U.S.D.A. Graduate School awards a 
certificate to the participants who satisfactorily complete 
the program. In addition, the Center has handled 41 
participants from 23 countries on a short visit basis. 

The foreign visitors have been most helpful to the 
Division in several respects. Literature on the economic 
plant pests in their countries has been received and par- 
ticipants have translated and interpreted import regula- 
tions of their home countries. These viewpoints expressed 
by the technician materially assist the Division in render- 
ing effective export certification. Contact is still main- 
tained after the participants have returned to their home 
countries. 

It is believed that the successful establishment and en- 
forcement of plant quarantine practices abroad will 
strengthen the agricultural economies of the country con- 
cerned, and will also be reflected in the quality and variety 
of goods offered for export. The program has provided 
more than an exchange of information between tech- 
nicians with mutual interests—it is a warm and sincere 
experience in the field of human relationships and under- 
standing. 

Ira A. LANE, 

Plant Quarantine Division 
Agricultural Research Service 
U.S. Dept. of Agriculture 


more active specimens during the transfer into a cyanide can 
makes this method not entirely suitable. 

During the process of sampling insect populations on clover 
and alfalfa in Pennsylvania, an improved technique was devel- 
oped which eliminated most of the problems mentioned above. 
It was found that a 12-inch polyethylene bag made an excellent 
inactivation chamber. After shaking the contents to the bottom, 
the end of the net was placed into the polyethylene bag and a 
small amount of chloroform added. By holding the top of the 
bag shut, anesthesia of the insects was rapid and efficient. 

Use of these plastic bags is very convenient since they can be 
easily carried in the field and the amount of chloroform required 
is small. They result in a quicker and more effective inactivation 
of the insects and the bags are quite durable. 
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George M. List 
1885-1956 


With the death of Dr. Geo. M. List on May 17, 1956, Colorado, 
and the Entomological profession lost one of its most respected 
leaders. A gentle, modest, fine and sincere man, scientist, teacher, 
counsel and friend, his presence is sorely missed. He was born 
April 14, 1885 in Southport, Indiana. The son of Cornelius and 
Martha J. (Norwood) List, he grew up on a fruit farm, attended 
Purdue University, obtaining a Bachelor’s Degree in Horticulture 
in 1909. At Purdue he was elected to Alpha Zeta, honorary 
agricultural fraternity, and was business manager of the college 
magazine, Purdue Agriculturist. 

He spent the summer of 1909 in western Colorado and Utah in 
horticultural work. For 3 years he spent time developing a small 
orchard in western Colorado. He also managed a 120-acre orchard 
in Mesa county and became county Horticulturist and Ento- 
mologist. It was during this period that he met C. P. Gillette. 
The close association which developed and continued throughout 
the years was responsible for the strong impetus, both in aca- 
demic and applied entomology in the Rocky Mountain Region. 

In July, 1912, Dr. List was married to Ruth A. Moore in 
Southport, Indiana. Mrs. List and two daughters, Laura Alice 
(Mrs. James B. Ward), and Ruth Leone survive. Dr. List in 
1913 was made Assistant Professor of Entomology and Zoology 
in the Colorado Agricultural and Mechanical College, Fort 
Collins, Colorado. He completed a Master’s degree in 1925 at 
Colorado A & M College and a Ph.D. degree in 1931 at Iowa 
State College, Ames, Iowa. He was made State Entomologist 
and Associate Professor in Entomology in 1931 and in 1945 be- 
came Head of the Department and Professor of Entomology and 
Chief Entomologist of the Colorado Experiment Station. 

Dr. List, always a very modest man, had numerous honors 
bestowed upon him professionally during his period of service. 

He was a member of the Western Plant Quarantine Board from 
1918 to 1937. He was president of the Board in 1924. He was a 
member of the National Quarantine Board in 1934 and 1935. 
He was a (fellow) in the Entomological Society of America and 
in the American Association for the Advancement of Science. 
He served as president of the Pacific Slope Branch (1932) and 
the North Central Branch of the American Association of Eco- 
nomic Entomologists (1950). 

He took great pride in being Secretary of the Rocky Mountain 


Conference of Entomologists from 1923 up until his death. Even 
after his health began to fail he looked forward to the annual 
conference in August with zest and renewed vitality. 

In the community Geo. M. List was active in Rotary, Alpha 
Gamma Rho, Phi Kappa Phi, Sigma Xi, and the Colorado- 
Wyoming Academy of Science. 

It is with respect and reverence that we report his passing, but 
for those of us who knew him as administrator and friend, he 
continues to live in the minds of students, fellow staff members 
and men. 

Lesuie B. Dantes 
Mrrram A. Patmer 


J. Harry Newton 
1893-1956 


Mr. J. Harry Newton, Associate Entomologist, Colorado Ex- 
periment Station died from a heart attack on July 17, 1956, at 
Paonia, Colorado. The Entomology Department at Cclorado 
Agricultural and Mechanical College, Fort Collins has lost one 
of its most loyal and devoted staff members. 

Mr. Newton was born June 3, 1893, at Axtell, Kansas. His 
family moved to San Diego, California and then to Tempe, 
Arizona. He attended the Tempe State Normal School and it was 
during this period that he became interested in entomology and 
decided in 1913 to come to Colorado A. & M. College. 

Harry completed his Bachelor’s degree in Entomology in 1918 
and received his appointment as Deputy State Entomologist to 
work on fruit and field crop insect problems of western Colorado. 


He married Nina E. Arnold in 1921. Mrs. Newton and her two 
sons, Arnold of Rochester, N. Y., physicist for the Eastman 
Kodak Company, and Harold of Pueblo, Colorado, a member of 
the engineering staff of the Colorado Fuel and Iron Company, 
survive. 

During his 40-year career in Colorado, Harry worked prin- 
cipally upon fruit insects and the alfalfa weevil. He was ap- 
pointed Assistant Entomologist in 1933 and Associated Ento- 
mologist for the Colorado Experiment Station in 1946. He was 
author of 10 bulletins and circulars and numerous scientific 
articles. 

Very active in civic affairs, Mr. Newton was past president of 
the school board and Rotary Club of Paonia and District Com- 
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missioner for the Western Slope Council of the Boy Scouts. He 
was a very active Mason and was a past Master. He was a mem- 
ber of the American Association of Economic Entomologists and 
for a period of years was the Colorado Experiment Station’s 
representative to the Northwest Spray Conference. 

Harry Newton was representative of a group of entomologists 
who, by desire and aptitude, are willing to serve at substations in 
the various Experiment Station programs. Patient, conscientious 
and hard working, their service often does not receive all of the 
recognition it should. The fruit interests of western Colorado and 
the Northwest will miss Harry Newton. Those of us who worked 
closely with him through the years feel his passing keenly. His 
loyalty and devotion to Entomology in Colorado will long be 
remembered. 

Lesure B. Dantes 


J. Harry Newton 
1893-1956 


Methyl Bromide Fumigation for Control of 
Cyclamen Mite on Strawberries' 


H. T. Reynoups, University of California Citrus Experiment 
Station, Riverside, and J. W. HurrmMan, University of 
California Agricultural Extension Service, Los Angeles 


The cyclamen mite, Steneotarsonemus pallidus (Banks), causes 
serious injury to strawberry plants and is one of the limiting 
factors in strawberry production in California. Several chemicals 
applied as sprays at high gallonage show promise for control of 
this pest, but none are used in the field at this time. 

Ritcher (1941) demonstrated control of the strawberry crown 
borer, T'yloderma fragariae (Riley), and Kido (1942) of Paria 
canella var. quadrinotata (Say), on strawberry plants by fumi- 
gating the plants with methyl bromide in a chamber prior to 
planting. Some strawberry growers take plants from their own 
fields for transplanting. Since these plants are often infested 
with cyclamen mites, it seemed advisable to find out whether 
methyl bromide fumigation would also control these mites. 

Shasta variety strawberry plants were obtained for this test 
from a heavily infested field. One day after fumigation the plants 
were set out in the field in such a manner that each treatment 
was replicated four times and each replicate was a row of 20 
plants. About 3 weeks after planting there appeared to be no in- 
jury from fumigation. In fact, as previously noted by Kido 
(1942), methyl bromide fumigation appeared to have a stimulat- 
ing effect on the plants tested. Table 1 shows the results of this 
test and of tests with ethylene dibromide and ethylene chloro- 
bromide. Ethylene dibromide appeared to be the most effective 
material, but its higher boiling point (182° C.) made it less suit- 
able for field testing than methyl] bromide (b.p. 5° C.). 

Mites were counted on leaf buds just prior to opening. Al- 
though two mites were found on plants in each of two treatments, 
these plants were in both cases located adjacent to a heavily in- 
fested untreated plot row. In view of this fact and because only 
adult stages were noted, which were in each case located on 


Table 1.—Effect of laboratory fumigation* with various ma- 
terials for control of the cyclamen mite on Shasta variety 
strawberry plants just before planting. 


APRIL 29 


No. of 
DosaGE Live 
(Las. /1,000 Buds Adult 
FUMIGANT Cu. Fr.) Examined Mites 


Ethylene dibromide 0.50 34 
0.75 35 


Ethylene chlorobromide 0. 32 
35 


Methyl bromide ; 36 
29 b 


Check 42 1756 


® Plants fumigated February 19 at 74° F. and atmospheric pressure for 2 


hours. 
> Found on treated plants adjacent to plots of infested untreated plants, 


plants given the higher dosages, it was thought that these mites 
had migrated from the adjoining untreated row. 

Huffaker & Kennett (1953) pointed out that the cyclamen 
mite problem in California is not entirely one resulting from 
planting infested stock, but arises as well from a complex of 
practices which are conducive to rapid spread of the mite from 
infested to noninfested fields. 

Late in 1952, methyl bromide was tested in the dormant season 
as a possible defoliant on Lassen variety strawberry plants. 
When the plants started to grow the following spring there ap- 
peared to be some reduction in cyclamen mite injury among the 
plants in the fumigated areas. In view of this fact, field fumiga- 


1 Accepted for publication May 7, 1957. 
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Table 2.—Cyclamen mite mortality and succeeding build- 
up on Lassen variety strawberry plants following field fumi- 
gation with methyl bromide under tarpaulin at 1.5 pounds per 
1,000 square feet of strawberry bed.* 


TEMPERATURE RANGE No. or Mires per 40 Lear Bups? 
(°F.) unpER TARPAULIN 
DURING FUMIGATION June 10 August 7 


51-56 99 1812 
63-78 1 1152 
Untreated 1457 


* Fumigated May 31 for 2 hours. 
> Mites counted on center leaflet of leaf bud only. 
© Plants destroyed by cyclamen mites. 


tion tests for control of the mite were conducted. 

Treatments were made on the Lassen variety of strawberry 
plants in a second-year field which was so heavily infested with 
cyclamen mites that the grower intended to abandon it. A tar- 
paulin of lightweight polyethylene plastic was used over the 
plants to confine the methyl bromide gas. The edges of the tar- 
paulin were laid in the irrigation furrows, overlapping slightly 
onto the adjoining row, and water was run down the furrows over 
the tarpaulin edges. The water level was maintained during 
fumigation to prevent the gas from escaping. The ends of the 
tarpaulin were sealed by covering them with dirt. The methyl 
bromide was vaporized by passing it through a 10-foot coil of 
3-inch copper tubing which was immersed in hot water (about 
120° F.). A 3-inch rubber hose carried the gas from the coil to 
point of release under the tarpaulin. The tarpaulin was main- 
tained in place for 2 hours. The results of this test are shown in 
table 2. 

Counts indicated that control of the cyclamen mite by field 
fumigation was excellent, but enough mites were left to reinfest 
the field. It is obvious from this test that mortalities are much 
greater at the higher temperatures. However, other field experi- 
ments and observations made of commercial treatments indicate 
danger of serious plant injury if temperatures under the tar- 
paulin exceed 85° F. during the dormant season and 75° F. later 
in the growing season. On the other hand, for best results, tem- 
peratures should not be below 65° F. 

As new leaves developed in the treated area, the plants had 
the vigorous appearance of a first-year planting. In 4 weeks a new 
canopy of leaves had grown through the distorted, stunted old 
leaves, and the plants soon had an abundance of healthy bloom. 
Much of this quickly regained vigor can be directly attributed to 
the marked plant stimulation resulting from the methyl bromide 
rather than entirely to cyclamen mite reductions. 

Subsequent tests and observations of results of commercial 
fumigation have shown that the best time of year for fumigation 
is during the dormant period of the plants prior to “stripping” 
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or “topping.” Usually, fumigation at this time of year will be 
sufficiently effective, if done correctly, to make further treatment 
unnecessary during that season. The next best period for fumiga- 
tion appears to be that between crops, which is usually in June 
or July in California. Fumigation at this later time may cause 
some temporary flower or leaf injury. 

Other field experiments in which methyl bromide was tested 
at rates ranging from 1.3 to 3.0 pounds per 1000 square feet of 
strawberry bed indicated little difference in mortalities obtained, 
Fumigation by the strawberry growers, however, has shown het- 
ter results more consistently at 2.0 pounds than at lower rates, 

Since the development of methyl bromide fumigation in the 
field, many improvements in techniques have been made. The 
tarpaulins used in early experimental work and commercially by 
growers were made of a clear plastic. Temperatures under these 
clear tarpaulins were found to vary greatly and to depend largely 
upon the angle of sunlight impinging upon the tarpaulin. As a 
result, the period of time during the day when fumigation could 
be conducted safely was rather limited. Recently, opaque plastic 
tarpaulins have been developed. Temperatures under opaque 
tarpaulins are not affected to such a great extent by sunlight, 
and the daily period when fumigation can be done safely is con- 
sequently much longer. 

Techniques for introducing the gas under the tarpaulin have 
also been greatly improved. When the gas was liberated at only 
one point under the tarpaulin, penetration into corners was not 
always sufficient to obtain good cyclamen mite mortalities in 
these spots. Accordingly, the gas was introduced through plastic 
soil “‘soakers,”” arranged in such a manner that the gas was re- 
leased uniformly, even into the corners under the tarpaulin, 
Recent techniques have done away with the hot water coils to 
vaporize the gas. Enclosed “squirrel cage” fans blow the air and 
gas out at the far end of the tarpaulin and draw it in at the point 
nearest the fan. In this fashion the methyl bromide is introduced 
directly into the fan blast, which vaporizes the fumigant nicely 
and distributes the gas uniformly throughout the enclosed 
strawberry planting. The fan is kept in operation for about 15 
minutes of the 2-hour fumigation period. The improved methods 
of introducing the gas, particularly that utilizing the fan, have 
resulted in more uniform cyclamen mite mortalities and conse- 
quently better seasonal control. 
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